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TITLE OF THE INVENTION 
BORO PEPTIDES 

BACKGROUND OF THE INVENTION 

5 " " 

The present Invention relates to boropeptides useful in the treatment of thrombosis. More 

particularly, it relates to such boropeptides of which one application is oral pharmaceutical 

formulations. In one aspect, it relates to the improvement of the oral administration properties 

of boronate esters. 

10 

Antithrombotic Orvgs 

Haemostasls is the normal physiological process In which bleeding from an injured blood vessel 
is arrested. It Is a dynamic and complex process in which proteolytic enzymes such as thrombin 
15 , play a key role. Blood coagulation may occur through either of two cascades of zymogen 
activations, the extrinsic and intrinsic pathways of the coagulation cascade. Factor Vila in the 
extrinsic pathway, and Factor IXa in the intrinsic pathway are important determinants of the 
activation of factor X to factor Xa, which itself catalyses the activation of prothrombin to 
thrombin, The last protease in each pathway is thrombin, which acts to hydrolyse four small 
20 peptides (two FpA and two FpB) from each molecule of fibrinogen, thus deprotecting its 
polymerisation sites. Once formed, the linear fibrin polymers may be cross-linked by factor 
XHIa, which Is rtseff activated by thrombin. In addition, thrombin is a potent activator of 
platelets, upon which it acts at specific receptors. Thrombin activation of platelets leads to 
aggregation of the cells and secretion of additional factors that further accelerate the creation of 
25 a haemostatic plug. Thrombin also potentiates its own production by the activation of factors v 
and VTEI (see Hemker and Beguin in: Jalles, et. a!., n Biology and Pathology of Platelet Vessel 
Wall Interactions/ pp. 219-26 (1986), Crawford and Scrutton in: Bloom and Thomas, 
"Haemostasia and Thrombosis/' pp. 47-77, (1987), Severs, et. aL, Eur, X Biochem. 1982, 122, 
429-36, Mann, Trends Btochem. Sd. 19S7, 12, 229-33). 

30 

A thrombus can be considered as an abnormal product of a normal mechanism and can be 
defined as a mass or deposit formed from blood constituents on a surface of the cardiovascular 
system, for example of the heart or a blood vessel. Thrombosis can be regarded as the 
pathological condition wherein improper activity of the haemostatic mechanism results in 
35 intravascular thrombus formation. 

The management of thrombosis commonly involves the use of thrombolytic agents in 
combination with anticoagulants and antiplatelet drugs (inhibitors of platelet aggregation) to lyse 
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the newly formed dot and to control future thrombogenesis. Anticoagulants are used also In the 
treatment of patients thought susceptible to thrombosis. 

Currently, two of the most effective classes of drugs in clinical use as anticoagulants are the 
5 "heparins and the vitamin K antagonists. The heparins are ilhdefined mixtures of sulfated 
polysaccharides that bind to, and thus potentiate the action of antithrombin m. Antithrombin III 
is a naturally occurring inhibitor of the activated clotting factors IXa, Xa, XIa, thrombin and 
probably Xlla (see Jaques, Pharmacol Rev. 1980, 31, pp. 99-166). The vitamin K antagonists, 
of which warfarin is the most well-known example, act indirectly by inhibiting the post-ribosomal 

10 carboxylatlons of the vitamin K dependent coagulation factors II, VII, IX and X (see Hirsch f 
Sernin, Tnromb. Ha&mostasls 1936, 12, 1-11). While effective therapies for the treatment of 
thrombosis, heparins and vitamin K antagonists have the unfortunate side effects of bleeding, 
heparin-induced thrombocytopenia (in the case of heparin) and marked interpatient variability, 
resulting in a small and unpredictable therapeutic safety margin. The use of direct acting 

15 inhibitors of thrombin and other serine protease enzymes 0 f the coagulation system is expected 
to alleviate these problems. 

Boropepttde Serine Protease Inhibitors 

20 A wide variety of direct acting serine protease inhibitors, have been tested, including 
boropeptides, i.e. peptides containing a boronic acid analogue of an N-acyl-a-amino acid. Shertvi 
(EP-A- 145441 and US 44990B2) disclosed that certain peptides containing an a-aminoboronic 
acid were effective inhibitors of elastase and has been followed by numerous patent publications 
relating to boropeptide inhibitors of serine proteases- 

25 

Claeson et a! (US 5574014 and others) and Kakkar et al (WO 92/07869 and family members 
including US 5648338) disclose thrombin inhibitors having a neutral C-terminal side chain, for 
example an alkoxyalkyi side chain. The Ciaeson et al and Kakkar et al patent families disclose 
boronate esters containing the amino acid sequence D-Phe-Pro-BbroMpg [(R)-Phe-Pro-BoroNlpg] f 
30 which are highly specific inhibitors of thrombin (Deadman et a!., J. Med. Chem. 1995, 38 t 1511- 
1522; Elgendy et al Adv. Exp. Med, Biol (USA) 1993, 340, 173-178). Of these compounds may 
be mentioned in particular Cbz-(R)-Phe-Pro-BoroMpg-OPinacol (also known as TRISDb). 

The tripeptide sequence of TRISOb has three chiral centres. The Phe residue is considered to be 
35 of R (= D) configuration and the Pro residue of natural S (= L) configuration, at least in 
compounds with commercially useful inhibitor activity; the Mpg residue is believed to be of R (= 
L) configuration in isomers with commercially useful inhibitor activity. Thus, the most effective 
TRISOb stereoisomer is considered to be Of RSR configuration and may be represented as: 



NO. 418 P. 7 




(RSR)-TRISOb: Cbz-(R>^Phe-(S)-Pra-(R)-boraMpg Pinacol 

5 The aforementioned US patents (US 5574014 and US 564833S) are incorporated herein by 
reference. 

Oral Absorption 

10 Absorption in the gastro-intestinaJ tract can be by an active or a passive route. Active absorption 
by transport mechanisms tends to be variable between individuals and with intestinal content 
(Gustaffeon, D TTvomb.Res., 2001, 101, 171-181). The upper intestine has been identified as 
the principal sfbe of oral drug absorption. In particular, the duodenum is the customary target 
site for absorption of orally administered drugs because of its large surface area. The intestinal 

15 mucosa acts as a barrier that controls passive transcellular absorption: the absorption of ionic 
species is blocked whilst the transcellular absorption of lipophilic molecules is favoured (Palm K 
et al., J.Pharmacol and Bcp. Therapeutics, 1999, 291,435-443). 

Orally administered drugs are required to be consistently and adequately absorbed. Variability of 
20 absorption between individuals or between different occasions in the same individual is 
unwelcome. Similarly, drugs which have a low level of bioavailability (only a small portion of the 
administered active agent is absorbed) are generally unacceptable. 

Non-ionised compounds are favoured for passive absorption, a route associated with invariability, 
25 and are therefore preferred for consistent absorption. Lipophilic species are particularly favoured 
by passive absorption mechanisms and, accordingly, non-ionic, lipophilic drugs are indicated to 
be most favoured for consistent and high oral absorption. 
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Typical functionalities required for interaction of drugs with their physiological targets are 
functional groups such as carboxylic and sulphonic acids. These groups exist as the protonated 
form In the stomach (at pH 2-3), but will be ionised to some extent at the higher pH of the 
intestinal fluid. One strategy that has been used to avoid the ionisation of the carboxylases or 
5 sulphonates is to present them as ester forms, which are cleaved once absorbed into the 

vascular lumen. 

Oral Absorption of Boropepticfes 

10 The boronate ester group of TRISOb is rapidly cleaved in the conditions of the plasma to form 
the corresponding boronic add group, which is considered to be the active moiety which inhibits 
the catalytic site of thrombin. 

Boronic acids are divalent functional groups, with boron-oxygen bond lengths (i.eA) more typical 
15 of single bonds, unlike superficially comparable C-0 and S-0 bonds in carboxylic and sulphonic 
a£i6s. Consequently the boronic acid group has two ionisation potentials, The boronic acid group 
will be partly Ionised at pH's of the duodenal fluid and not suited to the desired passive duodenal 
uptake. Thus, a charged boronate inhibitor H-D-PheProBonoArg is absorbed by a predominantly 
active transport mechanism (Saitoh, H. and Aungst, BJ V Pharm. Res., 1999, 16, 1786-1789). 

20 

The peptide boronic acid formed by such cleavage of TRISOb is relatively insoluble in water, 
especially at acidic or neutral pH, and tends to be poorly absorbed in the stomach and 
duodenum, The acid has the structure Cbz-Phe-Pno-BoroMpg-OH, 

25 Whereas the peptide boronic acid Cbz-Phe-Pro-BoroMpg-OH is partly ionised under duodenal 
conditions and, to that extent, unfavoured for passfve transport, esters of the acid are designed 
for a high rate of passive (thus consistent) transport. The tripeptide sequence Phe-Pro-Mpg 
belongs to an unusual dass of serine protease inhibitory peptide sequences in having a non- 
basic PI side chain (specifically, methoxypropyf), such that the tripeptide consists of three non- 
30 polar amino acids. The esters of the peptide boronic acid are non-lonisable and the ester- 
forming species further impart lipophilic properties, so encouraging a high rate of passive 
transport. 

Computational techniques have confirmed that TRISOb and other diol esters of Cta-Phe-Pro- 
35 BoroMpg-OH can be predicted to have good bioavailability. Thus, polar surface area (PSAd) is a 
parameter predictive Of bioavailability and PSAd values Of greater than 60A correlate well wfth 
passive transceilular transport and with bioavailability of known drugs (Kelder, J. Phaim Res. r 
1999, 16, 1514-1519). Measurements for diol esters of Che above peptide boronic acid, including 
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the pinacol ester TRlSOb, show that the diol esters have PSAd values well above 6oA, predictive 
of passive transport and good bioavailability as shown in Table 1: 

Table 1: PSAd values of selected diol esters of Cbz-Phe-Pro-BoroMpg-OH 



DioJ 


PSAd Value 


Pinacol 


98.74 


Pinanediol 


90.64 



5 

The corresponding rnonohydroxy alcohol (e.g. alkoxy) esters were considered too unstable, 
spontaneously cleaving to liberate the acid fn-vftro. Esters of diols such as pinanediol and 
pinacol have enhanced kinetic stability over esters of monohydroxy alcohols, in that after partial 
hydrolysis to the mono-ester derivative they will tend to reassodate by a faciJe intra-molecular 
10 reaction. 

To counterbalance these highly desirable features of TRlSOb, it has been discovered that TRlSOb 
tends to hydrolyse in acid media, Thus in the acid conditions of an HPLC assay, TRISOb Is 
converted to the acid form with a short half life, which implies potential intraduodenal hydrolysis 
15 into ionic species which would resist passive transport and, if anything, be absorbed by active 
transport, indicative at best of variable bioavailability. 

The instability of TRISOb to hydrolysis also presents potential disadvantages in preparation of the 
compound and its formulation, as well as in the storage of pharmaceutical formulations 
20 containing it 

An ideal solution to the instability oFTRI50b would be development of a diol ester more stable to 
hydrolysis. In this regard, it is known that ring size can affiect boronate stability and glycolato 
boron has been shown to have enhanced aqueous stability compared to pinacol (D.S.Matteson, 

25 Stereodirected Synthesis with OrganObOranes, Springer-Verfag, 1995, ch.i). Similarly, the 
pinanediol ester is more stable than the pinacol; this is believed to be because the pinanediol 
group is highly sterically hindered and disfavours nucleophilic attack on the boron. In fact 
transesterification from pinacol to pinanediol has been reported (Brosz, CS, Tet, Assym, 1997, 8, 
1435-1440) whereas the reverse process is unfavourable. The pinanediol ester however is 

30 considered too slow to cleave In plasma and there remains a need to provide an improved diol 
ester. 

The properties described above will be shared by similar hydrophobic, non-basic bonopeptides. 

35 The present invention provides a different solution to the problem of boronate diol ester and 
especially TRI50& instability. 
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The invention provides a peptide boronic acid derivative which, in the conditions of the 
5 duodenum, contradictorily releases an ionic boropeptide species whilst avoiding the 
disadvantages of pinacol esters as well as enabling consistent and adequate bioavailability. 

The present invention provides s salt of a peptide boronfc add of formula (I): 




where: 

X is H (to form NH2) or an amino-protecting group; 
15 aa 1 is Phe, Dpa or a wholly or partially hydrogenated analogue thereof; 
aa2 is an imino add having from 4 to 6 ring members; and 

R 1 is a group of the formula -(^2)^ where m is 2, 3 or 4 and W is -OH, -OMe, -OEt or 
20 halogen (F, CI P Br or I). 

These salts are stable to hydrolysis and more soluble than corresponding peptide boronic acids. 
Their solubility and stability are unexpectedly Indicated to more than offset the loss of a high 
passive absorption rate of the corresponding dlol esters in terms of providing consistent and 
25 adequate bioavailability. 

There 3s a debate in the literature as to whether boronates in aqueous solution form the 'trigonal' 
B(OH) 2 or 'tetrahedrar 8(OH)3^ boron species, but NMR evidence seems to indicate that at a pH 
below the first pKa of the boronic acid the main boron species is the neutral B(0H)2- In the 
30 duodenum the pH is likely to be between 6 and 7, so the trigonal species is likely to be 
predominant here. In any event the symbol -B(OH)2 includes tetrahedral as well as trigonal 

boron species. 

The invention includes also oral formulations of the salts of the invention. 
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According to a further aspect of the present invention, there is provided a method of treatment 
of a condition where inhibition of thrombin is required which method comprises oral 
administration of a therapeutically effective amount of a salt of the invention to a person 
5 suffering from, or susceptible to f such a condition: 

The salts of the invention are obtainable by reaction of the add (I) with a strong base. The 
invention thus provides also products obtainable by reaction of an add (I) with a base able to 
form a salt with it and the therapeutic, including prophylactic, use of such products. 

10 

The invention includes a method for preparing the salts from the corresponding peptide boronic 
add as an intermediate, as well as the intermediate peptide boronic add and a method for 
preparing it. 

15 Further aspects and embodiments of the invention are set forth in the. following description and 
claims. 

Throughout the description and claims of this specification, the words ^comprise" and "contain" 
and variations of the words, for example 'comprising'* and 'comprises* mean "including but not 
20 limited to", and are not intended to (and do not) exclude other moieties, additives, components, 
integers or steps. 

DETAILED DESCRIPTION OF THE INVENTION 
25 Glossary 

The following terms and abbreviations are used in this specification; 

a-Aminoboronic acid or Boro(aa) refers to an amino acid in which the CO2 group has been 
30 replaced by BO2 

Arg-arginine 

Cbz - benzyloxycarbonyl 

Cha - cydohexyialanine 

Dcha - dicydohexylalanine 
3 5 Dpa - diphenylalanine 

Lys - lysine 

Mpg - 3-methoxypropylglycyl 



c 
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Phe - phenylalanine 

Pinac = Plnaool - 2,3-dlmethyl-2,3-butanedio[ 

(+)-Pfnanedio! boronate - la,7,7-trimetiTyl-[laS-{laa / 4a, 6a, 5aa>]-4 f 6-methano-l,2" 
benzodioxabprole 
5 Pro -proline 
Thr- thrombin 

The Compounds 

10 The products of the invention comprise salts of a peptide boronic add of formula CD" 

X-aa 1 -aa 2 -NH-CH-B. (I) 
1 ^OH 



1> Ri 

X is a malety bonded to the N-termlnal amino group and may be H to form NH2. The identity of 
X is not critical to the invention but as a preferred example there may be mentioned 
IS benzyloxycarbonyl. 

aa 1 is Phe, Dpa or a wholly or partially hydrogenated analogue thereof. The hydrogenated 
analogues are Cha and D-Dcha. 

20 A preferred class of products comprises those in which aa* is a residue of an Imino acid of 
formula (HI) 



h 2 c ch-cooh (in): 



N 
I 

H 

where Rll is -CH 2 -, CH 2 -CH r , -S-CH 2 -, -S-CCCH 3 ) 2 - or -CH 2 -CH 2 -CH 2 -, which group when the 
ring is 5 or 6-membered is optionally substituted at one or more -CH 2 ' groups by from 1 to 3 C x - 
25 C3 alkyl groups. Of these, azetidine-2-earboxylic add, especially (s)-azettdine-2-carboxy!ic acid, 
and more particularly proline are preferred. 
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It will be appreciated from the above that a very preferred class of products consists of those in 
which aa*-aa 2 i$ Phe-Pro. in another preferred class, aa^aa 2 is Dpa-Pro. In other products, 
aa^aa 2 is Cha-Pro or Dcha-Pro. Of course, the Invention Includes corresponding product classes 
in which Pro is replaced by (s>azetidine-2-carba*yiic acid. 

5 

R 1 is a group of the formula -(CH2)m~W» Integer m is 2, 3 or 4 and W is -OH, -OMe, -OEt or 
halogen (F f Cl f I or, preferably, Br). The most preferred W groups are -OMe and -OEt 
especially -OMe. It is preferred that m is 3 for all W groups and, indeed, for ail compounds of 

the invention. Particularly preferred R 1 groups are 2-bromoethyl, 2-chloroethyl, 2-methoxyethyl, 
10 4-bramoebutyf, 4-chlorobutyl, 4-methoxybutyl and, especially, 3-bromopropyl, 3-chloropropyJ 
and 3-methoxypropyl. Most preferably, R 1 is 3-methoxypropyl. 2-Ethoxyethyl is another 
preferred R 1 group. 

Accordingly, a very preferred class of salts consists of those of acids of the formula X-Phe-Pro- 
15 Mpg-B(OH) 2 , especially Cb2-Phe-Ptr>~Mpg"B(OH) 2 ; also preferred are analogues of these 

compounds in which Mpg is replaced by a residue with another of the particularly preferred R 1 
groups and/or Phe Is replaced by Dpa or another aa 1 residue. 

The aa 1 moiety of the salt is preferably of R configuration (D-configuration). The aa 2 moiety is 
20 preferably of S configuration (L-configuration). Particularly preferred salts have aa 1 of R 
configuration and aa 2 of S configuration. The chiral centre -Nh-CHCR^-b- is preferably of R 
configuration. It is considered that commercial formulations will have the chiral centres in RSR 
arrangement, as for example in the case of salts of Cbz-Phe-^ro-BoroMpg-OH: 




OMe 

Cbz-(R)-Phe-(S)-Prc>-(R)-boroMpg-OH 



25 The salts are obtainable by contacting an acid of formula (I) with a strong base. The Invention 
thus contemplates products (compositions of matter) having the characteristics of a reaction 
product of an acid of formula (I) and a strong base. The base is pharmaceutical^ acceptable. 
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As suitable salts may be mentioned: 

1. Alkali mete! salts; 

2. Alkaline earth metal salts; 

3. Group HI metals; 

4. Salts of strongly basic organic nifrogeivcorrtaining compounds, including: 

4A. Salts of guanidines and their, analogues; 

4B. Salts of strongly basic amine, examples of which include (i) amino$ugar$ and fli) 
other amines. 

Of the above salts, the most preferred are alkali metals, especially Na and Li, and amincsugars. 

The preferred salts are of the monovalent boronate (Le. a single one of the B-OH groups is 
Ionised) though In practice the monovalent salts may contain a very small proportion of the 
divalent bofonate. 

The invention includes therefore products (compositions of matter) which comprise salts of 
formula (II): 



where Y n+ is a pharmaceutical^ acceptable cation obtainable from a strong base, and aa\ aa 2 , X 
and R 1 are as defined above. 

The salts preferably have a solubility of at least 10 mM, more preferably at least 2QmM, when 
their solubility is determined as described in the examples at a dissolution of 25mg/mi. More 
preferably yet they have a solubility of least 50mM when their solubility is determined as 
described in the examples at a dissolution of 50mg/ml. 
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Considering the counter-ions in turn: 
l. Alkali metal salts 

5 Suitable alkali metals include lithium, sodium and potassium. All of these are remarkably soluble. 
Lithium and sodium are particularly preferred because of their high solubility. The Irthium and 
particularly sodium salts are of surprisingly high solubility in relation to potassium amongst 
others. Sodium is most preferred, Salts containing mixtures of alkali metals are contemplated 



where M + is an alkali metal ion and aa l , aa 2 r X and R 1 are as defined above, as well as salts in 
which both hydroxy groups of the boronate group are in salt form (preferably with another 
15 identical Nl* group) and mixtures of such salts. 

2. Alkaline garth metal salts 

A suitable alkaline earth metal is calcium. As the alkaline earth metals are divalent they are 
20 usually used In a boronlc acid: metal ratio of substantially 2:1, in order to achieve the preferred 
monovalent boronate moiety. Salts containing mixtures of alkaline earth metals are 
contemplated by the invention. The alkaline earth metals are indicated to be of no more than 
moderate solubility and are less preferred. 

25 The Invention Includes products comprising salts of the formula: 



by the invention. 



The Invention includes products comprising salts of the formula 




M + (III) 
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where M 2+ is an alkaline earth metal ion and aa l , aa 2 , X and R 1 are as defined above, as well as 
salts in which both hydroxy groups of the boronate group are in salt form (preferably with 
another identical M 2+ group) and mixtures of such salts. 



Suitable Group m metals include aluminium and gallium. Salts containing mixtures of Group in 
metals are contemplated by the invention. The Group IE metals may be of no more than 
moderate solubility and are less preferred. • 

The invention includes products comprising salts of the formula: 



where M 3+ is a Group III metal ion and aa 1 , aa 2 , X and R 1 are as defined above, as well as salts 
in which both hydroxy groups of the boronate group are in salt form (preferably with another 
identical M 3+ group) and mixtures or such salts. 

4. Stronalv basic organic nitrogen-containing compounds 

The invention includes products obtainable by (having the characteristics of a product obtained 
by) reaction of a peptide boronlc acid as defined above and a strong organic base. Two 
preferred classes of organic base are described in sections 4A and 4B below. Particularly 
preferred are acid salts (in which one of the two boronic -OH groups is deprotionated). Most 
commonly, the salts contain a single type of organic counter-ion (disregarding trace 
contaminants) but the invention contemplates salts containing mixtures of organic counteNons; 
in one sub-class, the different counter-ions all fall within the section 4A family described below 
or, as the case may be, in the section 4B family below; in another subclass, the salts comprise a 
mixture of organic counter-ions which are not all from the same family (4A or 4B). 

Suitable organic bases include those with a pkb of 7 or more, e.g. 7.5 or more, for example in 
the region of 8 or more, Bases which are less lipophilic [e.g. have at least one polar functional 
group (e.g. 1, 2 or 3 such groups) for example hydroxy] are favoured; thus aminosugars are one 
favoured class of base. 

4A. Guanldines and their analogues 




I 
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The guanidino compound (guanidlne) may in principle be any soluble and phanrjaoeutically 
acceptable compound having a guanidino or a substituted guanidino group, or a substituted or 
unsubstituted guanidine analogue. Suitable substituents include aryl (e.g. phenyl), alkyl or alkyl 
interrupted by an ether or thioether linkage and f in any event, typically contain from % to 6 and 
especially 1, 2, 3 r or 4 carbon atoms, as in the case of methyl or ethyl. The guanidino group 
may have 1, 2, 3 or 4 svbstftuent groups but more usually has 1 or 2 substituept groups, 
preferably on a terminal nitrogen. One class of preferred guanidine is monoalkyiatefJ; another 
class is diaikyiated. As guanidine analogues may be mentioned throguanidines anb 2-amino 
pyridines. Compounds having unsubstituted guanidino groups, for example guaiiidine and 
arginine, form one particularly preferred dass. 



Salts containing mixtures of guanidines are contemplated by the invention. j 

15 The guanidino compound is preferably L-argfnlne or an L-arginine analogue, for e::ample D- 
arginine, or the D- or, preferably, L- isomers of homoarginine or agmatine [(4-aminobutyl) 
guanidine]. Less preferred arginine analogues are NG-nitro-L-arginlne methyl ester, for example, 
and constrained guanidine analogues, - particularly 2-amino pyrimidines, for example 2,6- 
quinazolinediamines such as S/G^/S-tetrahydro^.S-quinazolinediarnine, fbr example. The 

20 guanidino compound may also be a peptide, for example a dipeptide, containing anguine; one 
such dipepbde is L-tyrosyi-L-arginine. 

Some particularly preferred guanidino compounds are compounds of formula (IV): 

JMHR 3 



25 



30 



H 2 N. 



,NH (CH 2 ) n 




Y V— 2,n p H ( | V) 

NH R 2 

where n is from 1 to 6 and preferably at least 2, e.g. 3 or more, and preferably no mo|-e than 5. 
Most preferably, n is 3, 4 or 5. R? is H or carboxyiate or derivatised carboxyiate, for example to 
form an ester (e.g. a Q-Cv alkyl ester) or amide. R 3 is H, C x -C+ alkyl or a residue of a hatural or 
unnatural amino add (e.g. tyrosine). The compounds of formula (IV) are usually of L- 
configuration. The compounds of formula (IV) are arginine (n=3; R 2 =carboxyl; R?=H) and 
arginine derivatives or analogues. i 



The invention includes products comprising salts of the formula 



I. 
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X-aataa^fsJH-CH-B. " 

I ° H 
R 1 



(V) 



where aaV aa 2 r X and R 1 are as defined previously and G* Is the protonated form of a 
pharmaceutically acceptable organic compound comprising a guanidino group or an analogue 
thereof, as well as salts in which bath hydroxy groups of the boronate group are in salt form 
5 (preferably with another identical 6 + group) and mixtures of such salts. 

48. Strongly basic amines 

The invention includes products obtainable by (having the characteristics of a product obtained 
10 by) reaction of a peptide boronic acid as defined above and a strong organic base which Is an 
amine, The amine may in principle be any soluble arid pharmaceutically acceptable amine. 

It is envfsaged that a desirable dass of amine includes those having polar functional groups in 
addition to a single amine group, as such compounds will be more hydrophilic and thus more 

15 soluble than others. Preferably, the or each additional functional group is hydroxy. Some 
amines have 1, 2, 3, 4, 5 or 6 additional functional groups, especially hydroxy groups. In one 
particularly preferred class of amines the ratio of (amino plus hydroxy groups): carbon atoms is 
from 1:2 to 1:1, the latter ratio being particularly preferred. These amines with one or more 
additional polar functional groups may be a hydrocarbon, especially an alkane, substituted by the 

20 amino group and the additional polar group(s). The amino group may be substituted or 
unsubstituted and, excluding amino Substituents, the polar base may contain, for example, up to 
10 carbon atoms; usually there are no le$s than three such carbon atoms, e.g. 4, 5 or 6. 
Aminosugars are Included in this category of polar bases. 

25 The invention includes products comprising salts of the formula 



X-aaiaaS-NH-CH-B; 



r 

R 1 



"OH 



(VI) 
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where aa 1 , aa 2 , X and R 1 are as defined previous!/ and A + is the protonated form of a 
pharmaceutical acceptable amine, as well as salts in which both hydroxy groups of the 
boronate group are in salt form (preferably with another identical A + group) and mixtures of 
such salts. In one class of such products, A + is the protonated form of an amine described in 
5 section 4B(i) below; in another class A + is the protonated form of an amine described in 4B(n) 
below 

Two preferred classes of amine base are described in sections 4B(i) and 4B(u) below. 
Particularfy preferred are acid salts (in which one of the two bononJc -OH groups is 

10 deprotonated). Most commonly, the salts contain a single type of amine counter-ion 
(disregarding trace contaminants) but the invention contemplates salts containing mixtures of 
amine counter-ions; in one sub-class, the different counter-ions all fell within the sub-section 
4B(i) family described below or, as the case may be, in the sub-section 4B(ii) family below; In 
another subclass, the salts comprise □ mixture of organic counter-ions which are not ail from the 

15 same family (4B(i) or 4B(ii)). . 

4B(i) Aminosugars 

The identity of the aminosugar is not critical to the invention. Preferred aminosugars 
20 Include ring-opened sugars, especially glucamines. Cyclic aminosugars are also 

envisaged as useful. One class of the aminosugars is N-unsubstituted and another, 
preferred, class Is N-substftufced by one or two N-substituents (preferably one). Suitable 
substituents are hydrocarbyl groups, for example and without [imitation containing from 
1 to 12 carbon atoms; the substituents may comprise alkyl or aryl moieties or both. 
25 Preferred substituents are C u C 2 , Cs, C?, C5, C 5 , C 7 and C 8 aikyf groups, in partScuiar 

methyl and ethyl, of which methyl is most preferred. Data indicate that aminosugars, 
especially N-methyl-D-gJucamine, are of surprisingly high solubility. 

A most preferred aminosugar is N-methyl-D-glucamine: 




OH OH 

30 

4B(ii) Other amines 

Other suitable amines include amino acids (whether naturally occurring or not) whose 
side chain is substituted by an amino group, especially lysine. 



r 
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Some amines are compounds of formula (VII): 

JMHR 3 

R 2 

where n, R 2 and R 3 are as defined in relation to formula (IV). The compounds of 
formula (VI) are usually of L-configuration. The compounds of formula (VI) are lysine 
(n=4; R 2 ^carbbxyl; R 3 =H) and lysine derivatives or analogues. A most preferred amine 
5 is L-lysine. 

Other suitable amines are nitrogen-containing heterocydes. At least usually, such 
heterocyclic compounds are alicycfic; one class of the heterocyclic compounds is N- 
substftuted and another, preferred, class Is N-unsubstituted. The heterocydes may 
10 contain 6 ring-forming atoms, as in the cases of pipeririine, piperazine and morpholine. 

One class of amines includes N-eontaining heterocydes substituted by polar substituents, 
especialfy hydroxy, e.g. 1, 2 or 3 times. 



The invention therefore includes amines other than aminosugars which have one or 
15 ™ore (e,g, 1, 2, 3, 4, 5 or 6) polar substituents, especially hydroxy, in addition to one 

amine group. Such compounds may have a ratio of (amino plus hydroxy groups) rcarbon 
atoms of 1:2 to 1:1, the latter ratio being particularly preferred. 

The invention Includes mixed salts, i.e. salts containing a mixture of boropepUde moieties anchor 
20 COurtteriOnS but single saits are preferred. 

The salts in solid form may contain water. 
Use of the Products of the Invention 

25 

The salts of the invention are potent thrombin inhibitors. They are therefore useful for inhibiting 
thrombin* The invention therefore provides compounds which have potential for . controlling 
haemostasis and especially for inhibiting coagulation, for example preventing secondary events 
after myocardial infarction. The medical use of the compounds may be prophylactic (including to 
30 prevent occurrence of thrombosis) as well as therapeutic (including to prevent re-occurrence of 
thrombosis or secondary thrombotic events). 
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Those salts may be employed when an antRhrombogenlc agent is needed. They are thus 
Indicated in the treatment or prophylaxis of thrombosis and hypercoagulability in blood and 
tissues of animate including man, 

5 It is known that hypercoagulability may lead to thrombo-emboKc diseases. Conditions associated 
with hypercoagulability and thromboembolic diseases which may be mentioned include activated 
protein C resistance,, such as the factor V-mutation (factor V Leiden), and inherited or acquired 
deficiencies in antithrombin III, protein C, protein S, heparin cofactor n. Other conditions known 
to be associated with hypercoagulability and thrombo-emboiic disease include circulating 
10 antiphospholipid antibodies (Lupus anticoagulant), homocysteinemf f heparin induced 
thrombocytopenia and defects in fibrinolysis. The thrombin inhibitors of riie invention are thus 
indicated both in the therapeutic and/or prophylactic treatment of these conditions, 

Particular disease states which may be mentioned include the therapeutic and/or prophylactic 
15 treatment of venous thrombosis and pulmonary embolism. 

The thrombin inhibitors of the invention are further indicated in the treatment of conditions 
where there is an undesirable excess, of thrombin without signs of hypercoagulability, for 
example in neurodegenerative diseases such as Alzheimer's disease. In addition to its effects on 

20 the coagulation process, thrombin is .known to activate a large number of cells (such as 
neutrophils, fibroblasts, endothelial cells and smooth muscle cells). Therefore, the compounds of 
the invention may also be useful for the therapeutic and/or prophylactic treatment of idiopathic 
and adult respiratory distress syndrome, pulmonary fibrosis following treatment with radiation or 
chemotherapy, septic shock, septicaemia, inflammatory responses, which include, but are not 

25 limited to, edema, acute or chronic atherosclerosis such as coronary arterial disease, cerebral 
arterial disease, peripheral arterial disease, reperfuslon damage, and restenosis after 
percutaneous transluminal angioplasty (PTA). 

Moreover, the thrombin inhibitors of the invention are expected to have utility in prophylaxis of 
30 re-occlusion (i.e. thrombosis) after thrombolysis, percutaneous trans-Iuminal angioplasty (PTA) 
and coronary bypass operations; the prevention of re-thrombosis after microsurgery and 
vascular surgery in general. Further indications include the therapeutic and/or prophylactic 
treatment of disseminated intravascular coagulation caused by bacteria, multiple trauma, 
Intoxication or any other mechanism; anticoagulant treatment when blood is in contact with 
35 foreign surfaces in the body such as vascular grafts, vascular stents, vascular catheters, 
mechanical and biological prosthetic valves or any other medical device; and anticoagulant 
treatment when blood is En contact with medical devices outside the body such as during 
cardiovascular surgery using a heart-lung machine or in haemodialysis. 
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The salts of the Invention may also be useful in the treatment of pancreatitis. 

Administration and Pharmaceutical Formulations 

5 The compounds may be administered to a ;host 7 for example to obtain an antRhrambogenic 
effect. In the case of larger animals, such as humans, the compounds may be administered 
alone or In combination with pharmaceutical^ acceptable diluents, excipients or carriers, The 
term "pharmaceutfcaJly acceptable'' Includes acceptability for both human and veterinary 
purposes, of which acceptability for human pharmaceutical use is preferred. In the case of oral 
10 administration, the compounds are preferably administered rn a form which prevents the salt of 
the invention from contact with the acidic gastric juice, such as enterically coated Formulations, 
which thus prevent release of the salt of the invention until it reaches the duodenum. 

The enteric coating is suitably made of carbohydrate polymers or polyvinyl polymers, for 
15 example. Examples of enteric coating materials include, but are not limited to, cellulose acetate 
phthalate, cellulose acetate succinate, cellulose hydnogen phthalate, cellulose acetate trimellitats, 
ethyl, cellulose, hydroxypropyl-methylcellulose phthalate, hydnoxypropylmethylcellulose aoetate 
succinate, carboxymethyl ethylcellulose, stanch acetate phthalate, amylose acetate phthalate, 
polyvinyl acetate phthalate, polyvinyl butyrate phthalate, styrene-maleic acid copolymer, methyl- 
20 acrylate-methacrylic add copolymer (MPM-Q5), methyiacrylate-methacrylic add- 
methylmethacrylaba copolymer (MPM-06), and methylmethaaylate-methacrylic acid co-polymer 
(EudragJt® L & S). Optionally, the enteric coating contains a plasticlser. Examples of the 
plasticiser include, but are not limited to, triethyl citrate, triacetin, and diethyl phthalate. 

25 The salts of the Invention may also be combined and/or co-administered with any antithrombotic 
agent with a different mechanism of action, such as the antiplatelet agents acetylsalicylic add, 
ticlopidine, ciopidogrel, thromboxane receptor and/or synthetase inhibitors, fibrinogen receptor 
antagonists, prostacyclin mimetics and phosphodiesterase inhibitors and ADP-receptor (P 2 T) 
antagonists, 

30 

The salts of the invention may further be combined and/or co-administered with thrombolytics 
such as tissue plasminogen activator (natural, recombinant or modified), streptokinase, 
urokinase, prourokinase, anisoylated plasminogen-streptokinase activator complex (APSAC), 
animal salivary gland plasminogen activators, and the like, in the treatment of thrombotic 
35 diseases, in particular myocardial infarction. 

Typically, therefore, the products of the invention may be administered to a host to obtain a 
thrombin-inhibitory effect. 
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Actual dosage levels of active ingredients in the pharmaceutical compositions of this invention 
may be varied so as to Obtain an amount of the active compound(s) that is effective to achieve 
the desired therapeutic response for a particular patient compositions, and mode of 
administration. The selected dosage level will depend upon the activity of the particular 
5 compound, the severity of the condition being treated and the condition and prior medical 
history of the patient being treated. However, it is within the skill of the art to start doses of the 
compound at levels lower than required for to achieve the desired therapeutic effect and to 
gradually increase the dosage until the desired effect is achieved. 

10 According to a further aspect Of the invention there is thus provided an oral pharmaceutical 
formulation including a product of the invention, in admixture with a pharmaceutical^ acceptable 
adjuvant, diluent or carrier. 

Solid dosage forms for oral administration include capsules, tablets, pills, powders and granules. 
15 In such solid dosage forms, the active compound is typically mixed with at least one inert, 
pharmaceutical^ acceptable excipient or carrier such as sodium citrate or dicafdum phosphate 
and/or one or more; a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitol 
and silicic acid; b) binders such as carboxymethylcellulose, alginates, gelatin, 
polyvinylpyrrolidone, sucrose and acacia; c) humectants such as glycerol; d) disintegrating 
20 agents such as agar-agar, calcium carbonate, potato or tapioca starch, afginic acid, certain 
silicates and sodium carbonate; e) solution retarding agents such as paraffin; f) absorption 
accelerators such as quaternary ammonium compounds; g) wetting agents such as cetyl alcohol 
and glycerol monostearate; h) absorbents such as kaolin and bentonite clay and i) lubricants 
such as talc, caldum stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl 
25 sulfate and mitftures thereof. In the case of capsules, tablets and pills, the dosage form may 
also comprise buffering agents. Solid compositions of a similar type may also be employed as 
fillers in soft and hard-filled gelatin capsules using such exciplents as lactose or milk sugar as 
well as high molecular weight polyethylene glycol, for example. 



30 Suitably, the oral formulations may contain a dissolution aid. The dissolution aid is not limited as 
to its identity so long as it is pharmaceutical^ acceptable. Examples include nonionlc surface 
active agents, such as sucro$e fatty acid esters, glycerol fatty acid esters, sorbitan fatty add 
esters (e.g., sorbitan trioleate), polyethylene glycol, polyoxyethylene hydrogenated castor oil, 
polyoxyethylene sorbitan fatty acid esters, polyoxyethylene alkyl ethers, methoxypolyoxyethylene 

35 alky! ethers, polyoxyethylene aikylphenyt ethers, polyethylene glycol fatty acid esters, 
polyoxyethylene alkylamines, polyoxyethylene alkyl thioethers, polyoxyethylene 
polyoxypropylene copolymers, polyoxyethylene glycerol fatty acid esters, pentaerythritol fatty 
add esters, propylene glycol monofatty add esters, polyoxyethylene propylene glycol monofatty 
acid esters, polyoxyethylene sorbitol fatty acid esters, fatty acid alfcyfolamides, and alkylamine 
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oxides; t>Ne add and salts thereof Ce.g., chenodboxycholic add, cholic acid, deoxycholic acid, 
dehydrocholic acid and salts thereof, and glycine or taurine conjugate thereof); ionic surface 
active agents, such as sodium laurylsulfate, fatty acid Soaps, alkylsulfonates, alkylphosphates, 
ether phosphates, fatty acid salts of basic amino acids; triethanolamine soap, and alky] 
5 quaternary ammonium salts; and amphoteric surface active agents, such as betaines and 
aminocarboxylic acid salts. 

The active compounds may also be in micro-encapsulated form, if appropriate, with bne or more 
of the above-mentioned exdpients. 

10 

Liquid dosage forms for oral administration inolude pharmaceutical^ acceptable emulsions, 
solutions, suspensions, syrups and elixirs, In addition to the active compounds, the liquid 
dosage forms may contain inert diluents commonly used in the art such as water or other 
solvents, solubiJizing agents and emulsifiers such as ethyl alcohol, isoprapyl alcohol, ethyl 
15 carbonate, ethyl acetate, beray] alcohol, benzyl teraoate, propylene glycol, 1,3-butylene glycol, 
dimethyf formamide, oils (in particular, cottonseed, groundnut, oorn, germ, olive, castor, and 
sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene' glycols and fatty add esters of 
sorbitan and mixtures thereof. Besides inert diluents, the oral compositions may also include 
adjuvants such as wetting agents, emulsifying and suspending agents, sweetening, flavouring 
20 and perfuming agents. Suspensions, in addition to the active compounds, may contain 
suspending agents such as ethoxyiated isostearyl alcohols, polyoxyethyiene sorbitol and sorbltan 
esters, microoystaliine cellulose, """"aluminium' metahydroxide, bentonifce, agar-agar, and 
tragacanth and mixtures thereof, 

25 The product Of the Invention may be presented as solids in finely divided solid form, for example 
tiiey may be micronised. 

The active compound may be given as a single dose, in muftiple doses or as a sustained release 
formulation- 

30 

Synthesis 

1. Pept ide Synthesis 

35 The synthesis of boropeptides, including, for ©{ample, Cbz-D-Phe-Pro-BoroMpg-OPinacol is 
familiar to those skilled in the art and described in the prior art mentioned above, including 
Claeson et si (US 5574014 and others) and Kakkar et al (WO 92/07869 and family members 
including US 5648338). It is described also by Elgendy et al Adv. Exp. Med. Bfof. (USA) 1993, 
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340 f 173-178; Claeson,G. et al BiochemJ, 1903, 290, 309-312; Deadman et al J. Enzyme 
Inhibition 1995, 9, 29-41, and by Deadman et al JL Med. Chem. 1995, 3S f 1511-1522. 

Stereoselective synthesis with S or H configuration at the chiral B-terminal carton may be 
5 conducted using established methodology (Elgendyet al Tetrahedron. Lett. 1992, 33 t 4209- 
4212; WO 92/07869 and family members including US 5648338) using (+) or (— > pinanediol as 
the chiral director (Matteson et al 1 Am. Chem. Soc. 1986, 108 t 810-819; Matteson et a! 
OrganometaHics.. 1984, 3 r 1284-1288), Another approach is to resolve the requrste 
amlnoboronate intermediate (e.g. Mpg-BOPinacol) to selectively obtain the desired (R)-isomer 
10 and couple it to the dipeptfde moiety (e.g. Cbz-(R>Phe-(S)-Pro, which is the same as Cbz-D-Phe- 
L-Pro) which will form the remainder of the molecule. 

"Hie propeptides may be synthe$i$ed initially in the form of boronic add esters, particularly 
esters with diols. Such diol esters tnay be converted to the peptide boronic acid bs described 
15 next. 

2, Bster to Arid Conversion 

A peptide boronate ester such as Cbz-D-Phe-Pro-BoroMpg-OPinacol may be hydrolysed to form 
20 the corresponding acid, for example as described in Example 1 below, Section H. 

A novel technique for converting a diol ester of a peptide boronic acid of formula (I) into the acid 
comprises dissolving the diol ester in an ether and particularly a diafkyl ether, reacting the thus- 
dissolved diol with a diolamine, for example a di'alkanolamine, to form a product precipitate, 
25 recovering the precipitate, dissolving it in a polar organic sofvent and reacting the thus-dissolved 
product with an aQueous acid to form the peptide boronic acid. The boronic acid may be 
recovered from the organic layer of the mixture resulting from the reaction, for . example by 
removing the solvent, by evaporation under vacuum or distillation. The reaction between 
the diol ester and the diolamine may be carried out under reflux, for example. 

30 

The identity of the diol is not critical to the invention. As suitable diols may be mentioned 
aliphatic and aromatic compounds having hydroxy groups that are substituted on adjacent 
carbon atoms or on carbon atoms substituted by another carbon. That is to say, suitable diols 
include compounds having at least two hydroxy groups separated by at least two connecting 
35 carbon atoms in a chain or ring. A particularly preferred diof is pinacol and other exemplary drols 
Include pinanediol (also a preferred diol), neopentylglycol, diethanoiamine, 1,2-ethanedioi, 1,2- 
propanediol, 1,3-propanediol, 2,3-butanediol, 1,2-diisopropyfethanediol, 5,6-decanediof and 1,2- 
dicydoh exyiethe nediol . 



[0046443 09- Sep- 02 02:17 | 



9. SEP. 2002 14:07 HARRISON GODDARD FOO NO. 418 P. 26 

P41070GB1.2 - 50c Salts/Generic Safe I 

22 

The alkyl groups of the dtalkyl ether preferably have l r 2, 3 or 4 carbon atoms and the alkyl 
groups may be the same or different. A most preferred ether is diethyl ether. 

The alkyl groups of the dialkanolamine preferably have 1, 2, 3 or 4 carbon atoms and the alkyl 
5 groups may be the same or different A most preferred dialkanolamine is diethanolamine. 

The polar organic solvent is preferably CHCIj. 

The aqueous acid is suitably a strong inorganic acid at a pH in the region of 1; hydrochloric add 
10 is most preferred. 

After reaction with the acid, the reaction mixture is suitably washed with, for example, NH 4 CI . 

A preferred procedure is as follows 
15 i. The pinacol ester of the selected peptide boronic acid is dissolved in diethylether, 

2. Diethanolamine Is adcfed and the mixture is refluxed at 40 °C 

3. The precipitated product is removed; washed (usually several times) with diethylether and 
dried (e.g, by evaporation under vacuum), 

4. The dry product is dissolved in CHCl 3 . Hydrochloric add (pH 1) is added and the mixture is 
20 stirred approximately ih at room temperature, 

5. The organic layer is removed and washed with NH4CI solution. 

6. The organic solvent Is distilled off and the residual solid product is dried. 

The above process results in the formation of an ester-amide of the peptide boronic acids of 
25 formula (I), especially ester-amides with dfethanofamine, and such ester-amides are themselves 
Included In the invention. 

The invention provides also the use of a peptide boronic acid of formula (I) to make a salt of the 
invention. Included also is a method of preparing a product of the invention, comprising 
30 contacting a peptide boronic acid of formula (I) with a base capable of making such a salt 

The peptide boronic acid of formula (I) used to prepare the pharmaceutical preparations is 
typically of GLP or GMP quality, or in compliance with GLP (good laboratory practice) or GMP 
(good manufacturing practice); such acids are Included in the invention. 

35 

Similarly the acids are usually sterile and/or acceptable for pharmaceutical use, and one aspect 
of the invention reside in a composition of matter which is sterile or acceptable for 
pharmaceutical use, or both, and comprises a peptide boronic acid of formula (I). Such a 
composition of matter may be in particulate form or in the form of a liquid solution or dispersion, 
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The intermediate acid may be in isolated form and such isolated adds are included in the 
invention, especially isolated acids which are a peptide boronic acid of formula (II): 

5 X-(R)-Phe-(S>Pro-(R>Mpg-BCOH)2 (II) 

wherein X is H (to form NH 2 ) or an amino-protectirtg group. 

One typical way of providing the intermediate adds is as a particulate composition consisting 
10 predominantly of such a peptide boronic add, and these compositions are induded In the 
invention. The peptide boronic acid often forms at least 75% by weight of the composition and 
typically at least 85% by weight of the composition, e.g. at least 95% by weight of the 
composition. 

IS Another typical way of providing the intermediate acids Es as a liquid composition consisting of, 
or consisting essentially of, a peptide boronic acid of formula (II) and a liquid vehicle in which it 
Is dissolved or suspended. The liquid vehide may be an aqueous medium, e.g. water, or an 
alcohol, for example methanol, ethanol, isopropano), or another propanol, another alkanol or a 
mixture of the aforegoing. 

20 

The compositions of the intermediate acids are generally sterile, ' The compositions may contain 
the peptide boronic acid in finely divided form, to facilitate further processing. 

3. Salt Synthesis 

25 

The salts may be prepared by contacting the relevant peptide boronic add with a strong base 
appropriate to form the desired salt. In the case of metal salts, the metal hydroxides are 
suitable bases (alternatively, metal carbonates might be used, for example), whilst salts with 
organic bases may be prepared by contacting the peptide boronic acid with the organic base 

30 itself. The preferred saits of the invention are add salts (one -BOH protop replaced) and, to 
make these salts, the add and the base, if monovalent, are usually reacted In substantially 
equimolar quantities; where calcium or another divalent «t>on is used, the usual acidibase molar 
ratio is substantially 2:1, whilst the usual acid: base moiar ratio is substantially 3:1 for aluminium 
or another trivalent cation. Generally stated therefore, the usual acid base molar ratio is 

35 substantially n:l, where n Is the valency of the catidn of the base. 

Typically, a solution of the peptide boronic acid in a water-misdble organic solvent, for example 
acetonitrile or an alcohol (e.g. ethanol, methanol, a propanol, espedally iso-propanol, or another 
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alkanol), is combined with an aqueous solution of the base. The acid and the base are allowed 
to react and the salt is recovered. The reaction is typically carried out at ambient temperature 
(e.g. at a temperature of from 15 to 25°C), but an elevated temperature may be used, for 
example up to the boiling point of the reaction, mixture but more usually lower, e.g. a 
5 temperature of up to 40°C or 50*C- The reaction mixture may be allowed to stand or be 
agitated (usually stirred), 

The time during which the add and the base are allowed to react is not critical but it has been 
found desirable to maintain the reaction mixture for at least one hour. A period of from one to 
10 two hours is usually suitable but longer reaction times are included in the invention. 

The salt may be recovered from the reaction mixture by any suitable method, for example 
evaporation, precipitation or crystallisation. In one preferred technique, the salt is recovered by 
evacuating the reaction mixture to dryness. The salt is preferably thereafter purified, for 

15 example by redlssolving the salt before filtering the resulting solution and drying it, for example 
by evacuating it to dryness or freeze drying. The ^dissolution may be performed using water, 
e,g. distilled water. The salt, may itten be further purified, for example in order to remove 
residual water by further redissolution in a suitable solvent,, which is advantageously ethyl 
acetate followed by evaporating to dryness. The purification procedure may be carried out at 

20 ambient temperature (say, 15 to 25°C), or at a modestly elevated temperature, such as e.g. a 
temperature not exceeding 40°C or 50*C; for example the salt may be dissolved in water and/or 
solvent by agitating with or without warming to, for example, 37°C 

The Invention includes a method for drying the salts of the invention and other peptide boronic 
25 add salts, comprising dissolving them in ethyl acetate and then evaporating to dryness, e.g. by 
evacuation. 

A preferred general procedure for synthesising salte of Cbz-Phe-Pno-BoroMpg-OH is as follows: 

30 Cbz-Phe-Pro-BoroMpg-OH (20.00g, 38.1mM) is dissolved in aoetonitriie (200ml) with stirring at 
room temperature. To this solution is added the requisite base as a 0.2M solution (0.1M for a 
divalent cation; 0.67M for a trivalent cation) in distilled water (190ml). The resultant dear 
solution is allowed to react for example by being left to stand or being agitated, for a usual 
period, in either case, of from one to two hours. The reaction is typically carried out at ambient 

35 temperature (e.g. 15-25°C) but alternatively the temperature may be elevated (e.g. up to 30°C, 
40 a C or 50*C). The reaction mixture is then evacuated to dryness under vacuum with its 
temperature not exceeding 37°C. The resultant oil/tacky liquid is redissolved in the minimum 
amount of distilled water necessary (200ml to 4L), typically with warming (e.g. to 30-40°C), 
usually for up to 2 hours. The solution is filtered, suitably through filter paper, and evacuated to 
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dryness, again with the temperature of the solutibn not exceeding 37°C, or freeze dried. The 
resultant product is dried under vacuum overnight to normally yield a white brittle solid. If the 
product is present as en oil or tacky solid then it is dissolved in ethyl acetate and evacuated to 
dryness to produce the product as a white solid. 
.5 " 

In variations of the aforegoing general procedure, the acetonitrile is replaced by another water- 
miscible organic solvent, notably an alcohol, as discussed above, especially ethanol, methanol, 
iso-prapano] or another propanol. 

1 0 Separation of Stereoisomers 



The stereoisomers of a peptide boronic acid or a synthetic intermediate aminoboronate may be 
resolved in, for example, any known way. Accordingly, they may be resolved by 
chromatography (HPLQ or salt crystallisation, 

15 

Examples 



The following compounds are referred to in the Examples: 

20 TRISOb = Cbz-Phe-Pra-BoroMpg-OPinacol. 

TRlSOc = Cbz-Phe-Pro-BoroMpg-OH. This is the fr£e add of TRISOb. 

It is considered that the TRisOb and TRISOc featured in the examples are at least predominantly 
of the most active isomer, considered to be of RSR (DLL) configuration, as discussed above. 

The solubility data presented in the examples were obtained from salts made using a 
modification of the salt preparation process described in the examples. The modified process 
differs from that described in the examples in that iOOmg of TRISOc was used as starting 
material, the product of the redtssolution in water was dried by freeze drying and the filtration 
30 was carried out through a 0.2|jm filter. The salts for which solubility data are presented are 
believed to contain about 85% of the most active isomer, considered to be of RSR configuration. 
When repeated with very pure active isomer salts obtained using the procedure described in the 
example from isomerically pure TRISOc, the solubility data were the same as those presented 
within experimental error or very slightly higher. 

35 

EXAMPLE 1 - SVNTH£5IS ,QEJBKQC 



& 3-METHQXYPRQPENE 
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1. REAGENTS AND CONSUMABLES 
1.1 SPECIFICATIONS 

5 1,4-Dioxan (SPS). 
Toluene, AR. grade. 
Allyl. Alcohol. 

10 

Sodium Hydride as 60% dispersion in mineral oil. It should be a pale grey powder. Overall white 
colour indicates decomposition. 

Dimethyl sulphate. 

15 

Magnesium sulphate dried (SLR}. 

Water, standard laboratory purified water is used throughout. 

20 Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica gel whan required to be dry. 

Argon, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 

25 

1.2 PURIFICATION OF REAGENTS 

All glassware used in these purification steps is heated at 140-160°C for at least 4 hours and 
then cooled in a desiccator or by assembling while hot and purging with a stream of dry nitrogen 
before use. 

30 

2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of air 
sensitive reagents is used for this preparation procedure. 

35 All glassware is heated at 14O-160 c C for at least 4 hours before use and then cooled either in a 
desiccator or by assembling hot and purging with a stream of dry nftrogen or argon. 
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The mechanical stirrer should be of sufficient torque to stir a viscous suspension. The stirrer arm 
should be fitted to the flask through a quickfit sleeve with inert oil seal. 

Reaction is conducted in a three necked flask, to allow overhead stirring, inert gas purge and 
5 sodium hydride addition. A heating mantle Of appropriate size Is required. 

3 PROCEDURE 

3.1 PREPARATION 

10 To a mechanically stirred cooled solution under nitrogen with a gas outlet and fitted with a water 
condenser of allyl alcohol (107.8ml, l.59mol) and dimethylsulphate (200ml, 1.59mo1, l.eq.) in 
1,4-dioxane (1L) is added, portionwise NaH (60% dispersion in mineral oil, 63.5g r 1.59mol, 
leq.). Care is taken ttiat the reaction temperature remains at or beiow room temperature and 
the reaction is stirred until effervescence has ceased. 

15 

3.2 PURIFICATION AND WORK-UP 

The slurry is stirred, carefully, into ice (1L), and extracted with toluene (3x500ml). The organic 
phase is heated (mantle) with a fractionation column, to distil off at atmospheric pressure the 
methoxypropene, b.p. 45-60°C. Heating should be observed to keep the vapour temperature in 
20 the 45-60°C range, since unreached allyl alcohol distils at 96-98*0. 

3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

The distilled 3-methoxypropene should be checked by *H NMR spectroscopy. 

25 B, 3-METHOXYPRQPYL BORONATE CATECHOL ESTER 

1 REAGENTS AND CONSUMABLES 

1.1 SPECIFICATIONS 

30 Catecholborane. The appearance shoufd be a low melting (m.p. 12°C) solid. 

3-methoxyprapene. The appearance should be a clfear volatile liquid. It must be stored at below 
4°C. 

35 Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 

Argon, laboratory oxygen free grade which is passed through a drying tube packed with seJf 
indicating silica gel when required to be dry. 
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2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of air 
5 sensitive reagents is used for this preparation procedure, 

A heat gun or water bath is required to prewarm the bottie of catecholborane. 

All glassware must ba heated at 140-160°C For at least 4 hours before use and then cooled 
10 either in a desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 

3 PROCEDURE 

3.1 PREPARATION 

15 

To 3-rnethoxypropene (120g, 1.66mol) in a It flask cooled In an ice bath and fitted with a 
condenser, fs added, dropwise by dry transfer via a dropping funnel, catecholborane (199. 6g, 
leq.) (which is pnewarmed, if necessary, to give a liquid) and left overnight at room 
temperature. Careful addition of the catecholborane is necessary as the reaction can become 
20 violently exothermic. 

The mixture is heated at 60-7CPC for 24hrs. The miixture is allowed to cool to room temperature. 

3.2 PURIFICATION AND WORK-UP 

There is no purification at this stage. Used immediately. 

25 

3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

The catechol 3-methoxypropyl boronate should be checked by 1 H NMR spectroscopy, OC Signals 
should be observed as follows:- 



S60 


Signal Pattern 


Assignment 


7.13 


4H, multiplet 


Ph 


3-4 


2H ; multiplet 




3,39 


3H, singlet 


OMe 


1.92 


2H f multiplet 


Qdu 


1.29 


2H, multiplet 


CfcU 









30 

Observation of other Signals would be indicative of impurities 
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C. 



3-METHQXYPROPYL BORONATE PINAfcOL ESTER 



1 



REAGENTS AND CONSUMABLES 



5 



1.1 



SPECIFICATIONS 



Pinacol. 



10 Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 

Argon, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 

15 

2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of air 
sensitive reagents is used for this preparation procedure, 

20 All glassware must be heated at 140-160°C for at least 4 hours before use and then cooled 
either in a desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 



25 3 PROCEDURE 

3.1 PREPARATION 

To catechol 3-methoxypropaneborc>nate (1.66mol, from section B2) is added, at O^C, pinacof 

(126g, leq). The solution fs stined at 0°C for lhr. Remove the ice bath and leave at room 
30 temperature overnight. 

3.2 PURIFICATION AND WORK-UP 

To a 31 flask containing 1.51 hexane (lab. grade, not dried) transfer the solution from 3.1. Allow 
the catechol to precipitate out (storage at <4QC for 1-2 hrs. facilitates this) and decant off the 
35 hexane into a 31 separating funnel. Wash the precipitate with a further 500ml of hexane and add 
to the first hexane solution. Wash the hexane with water (2x500ml, analytical grade). Back 
extract each aqueous wash with (2x500ml) hexane. Dry the hexane layer with anhydrous MgS0 4 . 
filter (glass sinter, grade four). 
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Remove the solvent using a rotary evaporator undfer oil pump vacuum. The rotating flask should 
be surrounded by a water bath at room temperature. The vacuum and temperature need not be 
critically determined so long as they are adequate to remove the solvent 

5 3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

The pinacoi 3-methoxypropyl boronate product should be checked by 2 H NMR spectroscopy oc. 
Signals should be observed as follows!- 



8*30 


560 


Signal Pattern 


Assignment 


3.33-3.37 




5H,multiptet 


Qfe-O-Cfcb 


1.69 




2H, multiplet 


CH ? Chb 


1.24 




12H, singlet 


pinacoi 


0.79 




2H, multiplet 


CH 2 B 



10 Due to the presence of impurities other signals will be observed also. 

If impurity levels are unacceptable, distil tine product (bp. 55°OU4mnnHg, pinacoi 3- 
methoxypropyl boronate). 

15 D. 4-METHOXY-l-CHLORO BUTYL BOROdATE PINACOL ESTER 

1 REAGENTS AND CONSUMABLES 
1.1 SPECIFICATIONS 

20 

Dichloromethane (AR) dried/redisb'lled before use. 
Tetrahydrofijran (AR) dried/redistilled before use. 
25 Hexane(AR). 

Lithium dffso propyl amide, 2.0M in hexane/tetrahydrofuran/athylbenzene. The reagent must be 
inspected before each use. It should be a dear pale red/brown solution. If it deviates from this 
colour or has any white precipitate rt must be discanded. Store at <6°C 

30 

Zinc chloride, 0.5M in THF. 
Cyclohexane, anhydrous, 99.5%. 
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Benzophenone (SLR). 

Sodium metal stored under paraffin oil (SLR), 

5 

Phosphorus pentoxide (SLR). 
Magnesium sulphate dried (SLR). 
10 Water, LHtrs Pure grade, 
carbon tetrachloride (GLR) 
Dry ice. 

15 

Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed with self 
Indicating silica ge! when required to be dry, 

Argon, laboratory oxygen free grade which is passed through a drying tube packed with self 
20 indicating silica gel when required to be dry. 

1*2 PURIFICATION OF REAGENTS 

All giasswara used in these purification steps is hfeated at 140-160°C for at least 4 hours and 
then cooled in a dasfccator or by assembling while hot and purging with a stream of argon 
25 before use. 

1,2.1 Dichloromethane 

Add phosphorus pentoxide to the drchloromethane jrt the rate of ca v 1Q g per lOOcm 3 and leave 
to stand in a stoppered flask for at least 30 minutes. Distil the dichloromethane from the 
30 phosphorus pentoxide under a stream of dry nitrogen. The purified solvent is used immediately 

1-2-2 Tetrahydrofuran 

The distillation apparatus is normally set up fn the laboratory ready for use and will contain 
tetrahydrofuran over sodium containing benzophenone (ca. 0.5 g per litre) as an indicator. If 
35 necessary top up the distillation flask with more tetrahydrofuran so that it is? at most two thirds 
ftjll. If the colour of the solvent in the distillation flask is not blue add sodium (in oil) in small 
pieces, ca. 5 mm cubes until a blue colour develops. Distil the solvent from the sodium under a 
stream of dry nitrogen. 
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The purified tetrahydroforan is used immediately and stored, 
2 APPARATUS 

5 

Standard laboratory glassware and specialised apparatus for handling and transferring of air 
sensitive reagents are used for this preparation procedure. 

All glassware is heated at 140-160°C for at least 4 hours before use and then cooled either in a 
10 desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 



3 PROCEDURE 

15 

3.1 PREPARATION 

To a solution (0.4M, in a 101 flask) of pinacol 3-mfetfroxypropylboronate ester (150g, OJSQmoi) 
in anhydrous cyclohexane (1250ml) and THF (625ml) (section 1.2.2) cooled to -2Q°C in a carbon 
20 tetrachloride/dry ice bath, is added dry DCM (section 1.2.1, 1.22eq„ 58.5ml, O-MSmol). Added 
to this solution (with stirring, under stream of dry argon) dropwise, to maintain the temperature 
between -20 °C and -15 °C, is lithium diisopropylamids (l.lleq., 416ml, O.833mol y diluted in 
5G0mI THF) and then zinc chloride (0.5M solution in THF,1500ml) pre cooled in ice. The reaction 
is allowed to warm to room temperature overnight 

3.2 PURIFICATION AND WORK-UP 

The reaction mixture rs diluted in hexane (21) and poured into cold INI sulphuric acid (11), sb'r for 
15 mlns, and then extract with hexane (2x500ml). Wash the combined extracts with saturated 
NaHC0 3 solution (ll), saturated NaG solution (II). Dry the combined hexane extracts with 
30 anhydrous MgSO* 

Filter immediately with a grade four glass sinter. 

Remove the solvent using a rotary evaporator at room temperature and with a vacuum of ca. 1 
35 mm/Hg. The vacuum and temperature need not be critically determined so long as they are 
adequate to remove the solvent. 



i 
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3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

1 

The unpurified pinacol 4-methoxy-l-chIorobutylboronatie should be checked by H NMR 
spectroscopy. Signals should be observed as follow^:- 



5400 


Signal Pattern 


Assignment 


3.47-3.34 


3H, multfplet 


CtfcOMe and CHB 


3.34 


3H, singlet 


OMe 


2.0-1.62 


4H, multiplet 


CH2CH2 


1.27 


12H, sincjlet 


pinacol 



5 

Due to the presence of impurities other signals will be observed also, 

E, 4*M ETHOXY-i-BIS fTRIM ETH YLISILVL) AKINOBUTYl BO RQ NATE PINACOL 
ESTER 

10 

1 REAGENTS AN D CONSUMABLES 

1.1 SPECIFICATIONS 

15 Tetrahydrofuran (AR) dried/redistilled before use. 
n-Hexane SPS grade dried/redistilled before use. 
Lithium brsCtrimefrylsrtyl)amide, IN solution in anhydrous hexane. 

20 

Water, Ultra Pure grade, 

Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 

25 

Argon, laboratory oxygen free grade which is paslsed through a drying tube packed with self 
indicating silica gel when required to be dry, . 

1.2 PURIFICATION OF REAGENTS 

30 All glassware used in these purification steps is heated at 140-160 C C for at least 4 hours and 
then coofed in a desiccator or by assembling white hot and purging with a stream of dry nitrogen 
before use. 



i 
i 
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1.2.1 Tetrahydrofuran 

The. distillation apparatus Is normally set up in the laboratory ready for use and will contain 
tetrahydrofuran over sodium Containing benzophenone (ca. 0.5 g per litre) as an Indicator. If 
necessary top up the distillation flask with more tetrahydrofuran so that It is at least two thirds 
5 full. If the colour of the solvent in the distillation flask is not blue add sodium in oil in small 
pieces, ca. 5 mm cubes, until a blue colour develops. Distil the solvent from the sodium under a 
stream of dry nitrogen. 

The purified tetrahydrofuran is used Immediately and not stored* 

10 

2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of air 
sensitive reagents is used for this preparation procedure. Ail glassware must be heated at 140- 
16Q C C for at least 4 hours before use and then cooled either in a desiccator or by assembling hot 
15 and purging with a stream of dry nitrogen or argon. 

3 PROCEDURE 
3.1 PREPARATION 

20 A 0.33M solution of pinacol 4-me£hoxy-l-chlorobutaneboronate (150g, 0.60mol) in THF (1310ml) 
is added to a 0.5M solution of lithium hexamethyltiisilazane (IN in hexane, 6D4ml, leq) in THF 
(603ml) at -780c ( dry ice/acetone bath) giving a final concentration of boronate at 0.2M. The 
reaction mixture is allowed to warm slowly to room temperature and is stirred for at least 12hrs. 

25 3.2 PURIFICATION AND WORK-UP 

Remove the solvent using a rotary evaporator under oil pump vacuum. The rotating flask should 
be surrounded by a water bath at room temperature. The vacuum and temperature need not be 
critically determined so long as they are adequate to remove the solvent. 

30 Hexane (lab grade, 1000ml) is added to yield a precipitate which is removed by washing with 
water (2x750ml r analytical grade). Back extract each aqueous phase . with (500ml) hexane. Dry 
the hexane layer with anhydrous MgSQ« and filter through a grade 4 glass sinter. The organic 
phase is concentrated using a notary evaporator under oil pump vacuum. The rotating flask 
should be surrounded by a water bath at room temperature. The vacuum and temperature need 

35 not be critically determined so long as they are adequate to remove the solvent. 

The residual oil is distilled under reduced pressure to give b.p. 80-104°C, 0.1 - 0.2 mmHg 
pinaco! 4-methoxy-l-bis(trimethylsfly[)aminabutyl boronate. 



I 



f~ 
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3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

The distilled pinacol 4-methoxy-l-bis(trirnethyIsilvl!)aminobutyl boronate should be checked by 
*H NMR spectroscopy oc Signals should be observed as follows:- 



§400 


Signal Pattern 


Assignment 


3,23-3.26 


5H, multipiet 




2.41 


1H, multiplet 


CH Z QVB 


1.62 


2H, multiplet 




1.46 


1H, muftiplet 


1H from CH* (split H) 


131 


1H, multiplet 


1H from CH 2 (split H) 


1.12 


12H, singlet 


pinacol 



Due to the presence of impurities other signals will be observed also. 

4--METHOXY- 1-AMl NQBUTYL BORONAfrE PINACOL ESTER 
1 0 1. REAGENTS AND CONSUMABLES 
i-1 SPECIFICATIONS 

n-Hexane SPS grade dried/redtsijiled before use. 

15 

Chloroform (AR.) dried/redistilled before use. 

HCL, 4H anhydrous solution in 1,4-dioxan. 

20 Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 



Argon, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica ge! when required to be dry. 

25 

1.2 PURIFICATION OF REAGENTS 

AH glassware used in these purification steps is hbated at 140-160°C for at teast 4 hours end 
then cooled in a desiccator or by assembling while hot and purging with a stream of dry nitrogen 
before use. 
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1.2.1 n-Hexane 

Add calcium hydride to the n-hexane at the rate of ca. 10 g per 100cm and leave to stand in a 
stoppered flask for at least 30 minutes, Distil the hexane from the calcium hydride under a 
stream of dry nitrogen. The purified solvent should be used immediately wherever possible but 
5 may be stored for up to 24 hours in a tightly stoppered flask, 

1.2-2 Chlorofortn. 

Add phosphorus pentoxlde to the chloroform at the rate of ca. 10 g per 100cm and leave to 
Stand in a stoppered flask for at least 30 minutes. Distil the chloroform from the phosphorus 
10 pentoxlde under a stream of dry nitrogen. The purified solvent should be used immediately 
wherever possible but may be stored for up to 24 hours In a tightly stoppered flask. 

2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of air 
15 sensitive reagents is used for this preparation procedure 

All glassware is heated at 140-160°C for at least 4 hours before use and then cooled either in a 
desiccator or by assembling hot and purging with a stream Of dry nitrogen or argon. 

20 3 PROCEDURE 

3.1 PREPARATION 

To a 0.4M solution of pinacol 4-meitioxy-l-bi^(trimethylsilyl)aminobutane boronats (160g, 
0.428mol) in dry hexane (1072ml, section 1.2.1) at »78°C (dry ice/acetone), is added HCI(4N r 
25 solution in dioxane, 322ml, 3eq.) from a. measuring cylinder. The reaction is allowed to warm to 
room temperature ovemight 

3.2 PURIFICATION AND WORK-UP 

Remove the solvent using a rotary evaporator urrcter oil pump vacuum, The rotating flask should 
30 be surrounded by a water bath at room temperature. The vacuum and temperature need not be 
critically determined so long as they are adequate to remove the solvent. 

Dry chloroform (21, section 1.2.2) is added. Ttie solution Is then filtered through celite under 
nitrogen pressure in a closed system(grade four glass sinter). Organic phase is concentrated 
35 using a rotary evaporator under oil pump vacuum. The rotating flask should be surrounded by a 
water bath at room temperature. The vacuum and temperature need not be critically determined 
so long as they are adequate to remove the solvent. 
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3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

pinacol 4-methoxy-l-aminobutyl boronate should be checked by etectrospray mass spectrometry. 
The signals observed should be.: 



Signal (amu) 


Assignment 


253 


[M+Na] 


230 


[M+] 



5 

Due to the presence of impurities other signals will -be observed also. 
G. CbzHP-Phe-Pro-BoroMpq-OPinac rrft teO I Q 
10 1. REAGENTS AND CONSUMABLES 
1.1 SPECIFICATIONS 

Tetrahydrofuran (AR) drie<4/redisb'lled before use. 

15 

n-Hexane SPS grade. 
Isobutylchioroformate. 
20 N-methylrnorpholine. 
Triethylamine. 
Ben^ophenone (SLR). 

25 

Sodium Chloride (SLR). 
Sodium bicarbonate [SLR), 
30 Hydrochloric Acid (SLR). 

Sodium metal stored under paraffin oil (SLR). 
Magnesium sulphate dried (SLR). 



35 
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Water, Ultra Pure grade. 

Nitrogen, laboratory oxygen free grade which Is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 

5 

Argon, laboratory oxygen free grade which Is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 

1.2 PURIFICATION OF REAGENTS 

10 All glassware used in these purification steps Is hfeated at 140-160°C for at least 4 hours and 
then coofed in a desiccator or by assembling whiie hot and purging with a stream of dry nitrogen 
before use. 

1, 2, 1 Tetrahydrof uran 

15 The distillation apparatus is normally set up in the laboratory ready for use and will contain 
tetrahydrofuran over sodium containing benzophehone (ca. 0.5 g per litre) as an indicator. If 
necessary top up the distillation flask with mone tetrahydrofuran so that it is at least two thirds 
full. If the colour of the solvent in the distillation flask is not blue add sodium in Oil in small 
pieces, ca. 5 mm cubes, until a blue colour develops. Distil the solvent from the sodium under a 
20 stream of dry nitrogen. 

The purified tetrahydrofuran is used immediately and not stored. 

2 APPARATUS 

25 Standard laboratory glassware and specialised apparatus for handling and transferring of air 
sensitive reagents is used for this preparation procedure- 
Ail glassware is heated at 140-160°C for at least 4 hours before use and then cooled either in a 
desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 



30 



PROCEDURE 



3.1 PREPARATION 

To a 0.5M solution of Cbz-D-Phs-Pro (0.515mol,204.5g,leq) in THF (1042ml) is added N- 
35 methylmorpholine (56.8ml, ieq.) and the solution cooled to -20°C (CCU/dry ice bath), "BuOCOCL 
(67ml / leq / in 149ml THF, 3.5M) is added making sure the temperature stays in the range of -20 
oc to -150C After 15 mins, to the mixture, is added by dry transfer a 1.36M solution of pinacol 
4-methoxy-l-aminobutylboronate hydrochloride (150g, 0.57mol, l.OS^q) as a precooled solution 
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in CHCfe (416ml), then EI3N (75.3ml,l,05eq) is added. The reaction is allowed to warm to room 
temperature and stirred for at least 2hrs. 

3.2 PURIFICATION AND WORK-UP 

5 Remove the solvent using a rotary evaporator under oil pump vacuum. The rotating flask should 
be surrounded by a water bath at room temperature. The vacuum and temperature need not be 
critically determined so long as they are* adequate to remove the solvent 

The residue Is disserved In ethyl acetate (1500ml) and washed with HCl (0.2M, 2x5QQml),back 
10 extract the combined HCl washes with ethyl acetate (SOOml) and combine with ethyl acetate 
layer. Wash combined ethyl acetate with water (iDOQnnl), back extract the water wash with 
500ml of ethyl acetate combined with ethyl acetate layer, NaHC03 (saturated aqueous, 
2xl000ml) and NaCI (saturated aqueous, 500ml). To the organic phase is added dried 
magnesium sulphate until it flocculates, the flask stoppered tightly and left to stand for at least 
15 30 minutes. Remove the magnesium sulphate by filtration through a glass sinter, (grade four). 
Remove the solvent using a rotary evaporator at room temperature and with a vacuum of ca, 1 
mm/Hg. The vacuum and temperature "need not be critically determined so long as they are 
adequate to remove the solvent, 

20 Leave overnight on high vacuum. 

The desired crude product as a foamy solid. 

3.3 CHARACTERISATION ANP CONFIRMATION OF PRODUCT 

25 

3.3.1 NMR Analysis 

The TRisOb should be checked by *H NMR spectroscopy. Signals should be observed as follows:- 



8400 


Signal Pattern 


Assignment 


7,82 


1H, broad 


NH 


7.40-7.20 


10H f multiplet 


2xPh 


SJ 


1H, broad 


NH 


5.17-5.08 


2H, dd, Js7.54Hz 


PhQ±>0 


4,48-4,44 


2H, multiplet 


Pro a-CH, Phea-CH 


3.46 


1H, multiplet 


Pro-C4 


3.27 


2H, multiplet 


Q±OMe 


3.22 


3H r singlet 


OMe 
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2.99 


2H, multiplet/ 




2.63 


1H, multiplet 


CHB 


2.59^2.23 


4H, multiplet 


Pro-C3, Pro-C2 


1.60 


4H, multiplet 




1.20 


12H, singlet 


pfnacol 



The TRISOb should be checked by 3 C NMR spectroscopy, oc Signals should be observed as 
follows:- 



§400 

i 


Signal Pattern 


Assignment 


171 


quaternary 


0-£0-M 


156 


quaternary 


CH-CO-N 


136 


quaternary 


Ph 


130-126 


CH .- 


aromatiGs 


81.5 


quaternary 


CMez 


73 


CH 2 


CHiOMe 


67.26 


CHj 


PhCH z O 


58.3 


CH 


Pro-aCH 


57.94 


CH S 


OMe 


54.46 


CH 


Phe-aCH 


46.77 


CHi 


Pro-4-CM 2 


38.75 


CH 2 


PhCH 2 CH 


27.84-27.4 


2xCH 2 


CH2a-| 2 CHzOMe 


25.23-24.9 


4xCH 3 


pinacol, major isomer 


24.07 


CHj 


Pro-3- CHj 



Due to the presence of impurities other signals will be observed also, 
3.3.2 HPLC Analysis 

[note: a) tripeptide cannot be recovered from aqueous solution, b) Dipeptide elutes at 
solvent front and does not give a peak In this system 1 

Column: Reverse phase C-18 ODS CoctadecylsHane) 2.5p.m, 150x4.6mm 

Flow 1.5ml/min. 

Detection: UV at 225 nm 

Injection volume: 0.02ml 

Solvent A: 20% MeCN In analytical grade water. 
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• Solvent B: 55% MeCN in analytical grade water. 

• Gradient; Linear from 20 to 90% mobile phase B over initial 15 minutes. Conditions 
maintained at 90% mobile phase B for a further 10 minutes* Linear to 100% B over lOmins, 
conditions maintained at 100% B for 5 mins then re-equilibrated to initial conditions, 

5 

Component Rt (min) 

Z-D-Phe-Pro-(S)-boroMpgOPinacoi 16(4-1) 
Z-D-Phe-Pro-CR.)-boroMpgOPinaco! 

Z-D-PhQ-Pro-(R)-boroMpgOPinacol is the same chirality as Z-D-Phe-Pro-L-boroMpgOPinaool. 
H. cbz-D-Phe-Pro-BoroMpa-OH fTRI50cl 

10 

To a solution of TftI5Qb (rmm 608) in acetone (lg/iaml), is added phenyl boronic acid (1.01 
equivalent, rmm 120) and the solution stirred by a mechanical stirrer. To the solution is slowly 
added ammonium hydroxide solution, (5%, pH adjusted to pH 9 by HQ, same volume as 
acetone). Some cloudiness may develop- 

15 

Hexane (equal volume to total acetone and ammonium hydroxide) is added and the solution 
stirred rapidly for four hours. Stirring is stopped and the hexane layer decanted (if an oil forms, 
this is kept with the aqueous layer by washing with a small volume of acetone). Hexane (same 
volume) is added, stirred for lOmins, decanted and repeated. . 

20 

The aqueous layer is concentrated to about 1/3 volume by rotary evaporator with card-toe cold 
finger (water bath <35°C). Some oil may form on the side of the flask. The solution is then 
acidified (0.1N HCO to pH 3 (care: do not acidify below pH 3), and extracted by EtOAc (2x same 
as original acetone volume). Sample can be concentrated without drying to give a foam, yield 
25 ~70%> 



EXAMPLE 2 - ALTERNATIVE CONVERSION OF 7RI50B TO TRI50C 



1. Approximately 300 g of TRlBOb were dissolved in approximately 2,5 L diethylether. 
30 2. Approximately 54 ml diethanolamine were been added, the mixture was refluxed at 40 *C. 

3. The precipitated product was removed, washed several times with diethylether and dried. 

4. The dry product was dissolved in CHClj. Hydrochloric add (pH 1) was added and the mixture 
was stirred approximately lh at room temperature. 

5. The organic layer was removed and washed wfth NH 4 CI solution, 

35 6. The organic solvent was distilled off and the residual solid product was dried. 
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Typical yield: Approximately 230 g 

EXAMPLE 3 - PREPARATION OF LITHIUM SALT OF TRI50C 

5 Cbz-Phe-Pro-BonoMpg-OH (20.00g, 3B.lmM) is dissolved in acetonitrfle (20Oml) with stirring at 
room temperature. To this solution is added LiQh as a 0.2M solution in distilled water (190ml), 
The resultant clear solution is stirred for 2 hours at room temperature and then evacuated to 
dryness under vacuum with its temperature not exceeding 37°c The resultant oil/tacky liquid is 
redissolved in 5O0ml distilled water necessary with light warming for about 20 minutes. The 
10 solution is filtered through filter paper and evacuated to dryness, again with the temperature of 
the solution not exceeding 37°C. The resultant product is dried under vacuum overnight to 
normally yield a white brittle solid- 

The salt was then dried under vacuum over silica to constant weight (72 h). 

15 

Yield 17.89g. 
Microanalysis; 



C % Found 


H % Found 


N % Found 


B % Found 


Metal % 


(Calc.) 


(Calc) 


(calc.) 


(Calc.) 


Found (Calc.) 


57.14 


6.60 


7.34 


2.07 


U 1.26 


C61.03) 


(6.64) 


(7.90) 


(2.03) 


(1.31) 



EXAMPLE 4 - UV/VISiBLE SPECTRA OF LITHIUM SALT OF TRI50C 

UV/Visible spectra were recorded in distilled water at 20°C from 190nm to 400nm, The salt gave 
25 at 210 and 258nm. The weight of the dried salt was then measured for the purposes of 

calculating the extinction coefficient. The X m3x at 258nm was used- The extinction coefficient 
was calculated using the formula :- 

A « eel where A is the absorbance 
30 C is the concentration 

. f the path length of the UV cell 
and e is the extinction coefficient 

Extinction coefficient: 451 
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EXAMPLE 5 - AQUEOUS SOLUBILITY OF LITHIUM SALT OF TRI5QC 

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37°C, 
5 the sample filtered and the UV specimm meesurecL The salt left a white residue of undissolved 
material. The lithium salt was comparatively soluble and so was redissolved at 50mg/m! in the 
same manner previously described. . 

Solubility when dissolved at 25mg/ml; 43mM (23 mg/ml). 
10 Solubility when dissolved at 50mg/ml: 8lmM (43 mg/ml). 

EXAMPLE 6 > PREPAR ATION OF SODIUM SALT OF TRI5QC 

Cbz-Phe-Pro-BoroMpg-OH (20.00g, 38.1mM) is dissolved in acetonitnte (200m() with stirring at 
15 room temperature- To this solution is added MaOH as a 0.2M solution rn distilled water (190ml). . 
The resultant clear solution is stirred for 2 hours at room temperature and then evacuated to 
dryness under vacuum with its temperature not exceeding 37 d C. The resultant oil/tacky liquid is 
redissolved in 500ml distilled water with light warming for about 15-20 minutes, The solution is 
filtered through filter paper and evacuated to dryness, again with the temperature of the solution 
20 not exceeding 37°C The resultant product is dried under vacuum overnight to normally yield a 
white brittle solid. The product may be present as an oil or tacky solid due tx> residual water, in 
which case it is dissolved in ethyl acetate and evacuated to dryness to produce the product as a 
white solid. 

25 The salt was then dried under vacuum over silica to constant weight (72 h), 
Yield: Over 50%. 
Microanalysis: 

30 



C % Found 


H % Found 


N % Found 


B % Found 


Metal % 


(Calc.) 


(Calc.) 


(Calc.) 


(Calc.) 


Found (Calc) 


59.93 


6.47 


7.31 


131 


Na 3.81 


(59.24) 


(6.44) 


(7.67) 


(1.98) 


(4.20) 



EXAMPLE 7 - UV/VISIBLE SPECTRA OF SOD IUM SALT OF TRI50C 



U vyvisibie spectra were recorded in distilled water at 20°C from I90nm to 400nm. The salt gave 
35 X mw at 210 and 258nm. The weight of the dried salt was then measured for the purposes of 
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calculating the extinction coefficient The at 25Snm was used. The extinction coefficient 
was calculated using the formula:- 

A - ecI where A is the absorbanoe 
5 C is the concentration 

I the path length of the UV cell 
and s is the extinction coefficient 

Extinction coefficient: 415. 

10 

EXAMPLE 8 - AQUEOUS SOLUBILITY OF SODIUM SALT OF TRT5QC 

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37°C, 
the sample filtered and the UV spectrum. measured. The salt left a white residue of undissolved 
15 material. The sodium salt was comparatively soluble and so was redissolved at 50mg/ml. in the 
same manner previously described. 

5oIubilrty when dissolved at 2Smg/ml; 44m M (25 mg/ml). 
Solubilfty when dissolved at 50mg/ml: 90mM (50 mg/ml), 

20 

EXAMPLE 9 - PREPARATION OF POTASSIUM SALT OF TRI50C 

Cbz-Phe-Pro-BoroMpg-OH (20.00g, 38.lmM) is dissolved in aoetonitrile (200ml) with stirring at 
room temperature. To this solution is added KOH as a 0.2M solution in distilled water (190ml). 
25 The resultant clear solution is stirred for 2 hours at room temperature and then evacuated to 
dryness under vacuum with its temperature not exceeding 37°C. The resultant oil/tacky liquid is 
redissolved in 1L distilled water with warming to 37°C for about 2 hours. The solution is filtered 
through filter paper and evacuated to dryness, again with the temperature of the solution not 
exceeding 37°C The resultant product is dried under vacuum overnight to normally yield a 
30 white brittle solid. 
Yield: 14.45 mg. 

The salt was then dried under vacuum Over silica to constant weight (72 h). 
35 Microanalysis: 



C % Found 


H % Found 


N % Found 


B % Found 


Metal % 


(Calc.) 


(Calc) 


(Calc.) 


(Calc.) 


Found (Calc.) 
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54.84 


6.25 


7.02 


2.01 


K4.29 


(57,55) 


(6.26) 


(7.45) 


(1.92) 


(6.94) 



EXAMPLE 10 - UV/VISIBLE SPECTRA OF POTASSIUM SALT OFTRI50C 

5 UV/Visible spectra were recorded In distilled water at 20°C from 190nm to 400nm. TRI5QC and 
the salt gave fc^ax at 210 and 258nm. The weight of the dried salt was then measured for the 
purposes of calculating the extinction coefficient. The Xm„ at 2S3nrn was used. The extinction 
coefficient was calculated using the formula:- 

10 A = eel where A is the absorbance 

C is the concentration 
I the path length of the UV ceil 
and z is the extinction coefficient 

- 15 BctincUon coefficient; 438. 

EXAMPLE 11 - AQUEOUS SOLUBILITY OF POTASSIUM SALT OF TRI50C 

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37% 
20 the sample filtered and the UV spectrum measured, The salt left a white residue of undissolved 
material. 

Solubility when dissolved at 25mg/nnl: 29mM (16 mg/ml). 
25 EXAMPLE 12 - PREPARATION OF CALCIUM SALT OF TRI50C 

Cbz-Phe-Pro-BoroMpg-OH (20.009, 38.1mM) is dissolved in acetonitrile (2Q0m!) with stirring at 
room temperature. To this solution is added Ca(OH) 2 as a 0.1M solution in distilled water 
(190ml). The resultant clear solution is stirred for 2 hours at room temperature and then 
30 evacuated to dryness under vacuum with its temperature not exceeding 37 D C The resultant 
product is a white brittle solid. 

The salt was then dried under vacuum over silica to constant weight (72 h). 
35 YieW: 17.69g. 



Microanalysis: 
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C % Found 


H % Found 


N % Found 


B % Found 


Metal % 


(Calc.) 


(Calc.) 


(Calc.) 


(Calc.) 


Found (Calc.) 


55.08 


6.43 


7.08 


2.01 


Ca3.65 


(59.27) 


(6.48) 


(7>1) 


(1-99) 


(3.68) 



EXAMPLE 13 - UV/VISIBLE SPECTRA OF CALCIUM SALT OF TRI50C 

5 

UV/Visible spectra were recorded in distilled water at 2b*C from 190nm to 400nm. TRI50C and 
the dart gave at 210 and 258nm. The weight of the dried salt was then measured for the 

purposes of calculating the extinction coefficient. The at 258nm was used. The extinction 
coefficient was calculated using the formula:- 

10 

A = sd where A is the absorb a nee 

C is the concentration 
I the path length of the UV cell 
and s is the extinction coefficient. 

Extinction coefficient: 955. 

EXAMPLE i<; - AQUEOUS SOLUBILITY OF CALCIUM SALT OF TRI5QC 

20 To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37 fl C, 
the sample filtered and the UY spectrum measured. The salt left a white residue of undissolved 
material. 

Solubility when dissolved at 25mg/ml: 5mM (5 mg/ml). 

25 

EXAMPLE 15 - PREPARATION QF ARGININE SALT OF TRI50C 

Cbz-Phe-Pro-BoroMpg-OH (20.009, 3S.lmM) is dissolved in acetonitrile (200ml) with stirring at 
room temperature. To this solution Is added arginine as a 0,2M solution In distilled water 
30 (190ml). The resultant clear solution is stirred for 2 hours at room temperature and then 
evacuated to dr/ness under vacuum with its temperature not exceeding 37°C. The resultant 
oil/tacky liquid is redissalved In 2L distilled water with warming to 37°C for 2 hours. The solution 
is filtered through filter paper and evacuated to dryness, again with the temperature of the 
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solution not exceeding 37^. The resultant product is dried under vacuum overnight to normally 
yield a white brittle solid. 

Trie salt was then dried under vacuum over silica to constant weight (72 h). 

5 

Yield: 10.54g, 
Microanalysis: 



C % Found 


H % Found 


N % Found 


B % Found 


(Gale.) 


(Cafe) 


(Caic.) 


(Calc) 


52.47 


7.12 


15.25 


1.52 


(56.65) 


(7.20) 


(14.01) 


(1.S4) 



10 

EXAMPLE 16 - UWVISIBLE SPECTRA OF ARGINtNE 5 ALT QF TRI50C 

UV/Visible spectra were recorded in distilled water at 20°C from I90nm to 400nm. TRI50C and 
15 the salt gave ^ at 210 and 258nm. The weight of the dried salt was then measured for the 
purposes of calculating the extinction coefficient. The l mx at 258nm was used. The extinction 
coefficient was calculated using the formula 

A = eel where A is the absorbance 
20 C is the concentration 

I the path length of the UV ceil 
and b is the extinction coefficient. 

Extinction coefficient: 4D6. 

25 

EXAMPLE 17 ~ AQUEOUS SOLUBILITY OF ARGININE SALT QF TRI50C 

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37*C, 
the sample filtered and the UV spectrum measured. The salt left a white residue of undissolved 
30 material. 

Solubility when dissolved at 25mg/ml; 14mM (10 mg/ml). 

EXAMPLF 1 a - PREPAR ATION QF LYSINE SALT OF TRI5DC 
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Cbz-Phe-Pro-BoroMpg-OH (20.00g, 38.1mM) is dissolved in acetonitrile (200ml) with stirring at 
room temperature- To this solution is added L-lysine as a 0.2M solution in distilled water 
(190ml). The resultant clear solution is stirred for 2 hours at room temperature and then 
5 evacuated to dryness under vacuum with its temperature not exceeding 37°C. The resultant 
oil/tacky liquid is redissolved in 3L distilled water with wanning to 37°c for 2 hours. The solution 
is filtened through filter paper and evacuated to dryness, again with the temperature of the 
solution not exceeding 37°C The resultant product is dried under vacuum overnight to normally 
yield a white brittle solid. The product may be present as an oil or tacky solid (due to residual 
10 water), in which case it is then dissolved in ethyl acetate and evacuated to dryness to produce 
the product as a white solid. 

The salt was then dried under vacuum over silica to constant weight (72 h). 
15 Yield: 17,69. 
Microanalysis: 



C % Found 


H % Found 


N % Found 


B % Found 


(Calc.) 


(Calc.) 


(Calc.) 


(Calc.) 


57.03 


7.43 


10.50 


1.72 


(59.11) 


C7.36) 


(10.44) 


(1.61) 



20 

EXAMPLE 19 - UWVISIBLE SPECTRA OF LYSINE SALT QF TRI5QC 

UV/VisiWe spectra were recorded in distilled water at 20°C from 190nm to 400nm. TRI50C and 
the salt gave X max at 210 and 258nm. The weight of the dried salt was then measured for the 
25 purposes of calculating the extinction coefficient The X m3X at 258nm was used. The extinction 
coefficient was calculated using the formula :- 

A = sc\ where A is the absorfcance 

C is the concentration. 
30 I the path length of the UV cell 

and e is the extinction coefficient. 

Extinction coefficient: 437. 



35 EXAMPLE 20 - AQUEOUS SOLUBILITY OF LYSINE SALT DF TRT5HC 
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To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37°c, 
the sannpie filtered and the UV spectrum measured. The salt left a white residue of undissolved 
material. 

5 

Solubility when dissolved at 25mg/ml: 13mM (8.6 mg/ml). 

EXAMPLE 21 ■ PREPARATION OF N-METHVL-D-GLUCAMINE SALT OF TRI50C 

10 Cbz-Phe-Pro-BoroMpg-OH (2a0Og, 38.1rnM) is dissolved in acetonitrile (200ml) with stirring at 
room temperature. To this solution is added N-methyl-D-glucamine as a 0-2M solution in 
distilled water (190mi), The resultant dear solution is stirred for 2 hours at room temperature 
and than evacuated to dryness under vacuum with its temperature not exceeding 37°C. The 
resultant oil/tacky liquid is redissolved in 500ml distilled water with light wanning for about 20 

15 minutes- The solution Is filtered through filer paper and evacuated to dryness, again with the 
temperature of the solution not exceeding 37*C, Or freeze dried. The resultant product is dried 
under vacuum overnight to normally yield a white brittle solid. 

The salt was then dried under vacuum over silica to constant weight (72 h). 

20 

Yield: 21.31g. 
Microanalysis: 



C % Found 


H % Found 


N % Found 


B % Found 


(Calc.) 


(Calc) 


(Calc.) 


(Calc.) 


56.67 


7.28 : 


7.74 


1.63 


(56.67) 


(7.41) 


(7.77) 


(1.50) 



25 : 

EXAMPLE 22 - UV/VI5IBLE SPECTRA OF N-METVfYL-D-GLUCAMINE $ALT OF TRI50C * 

UV/Visible spectra were recorded In distilled water at 20°C from 190nm to 400nm. TTU50C and 
30 the salt gave ^ BX at 210 and 258nm. The weight of the dried salt was then measured for the 
purposes of calculating the extinction coefficient The k^ zx at 258nm was used. The extinction 
coefficient was calculated using the fbrmula:- 



35 



A = sd where A is the absorbance 

C is the concentration 
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and 



I the path length of the UV cell 
e is the extinction coefficient. 



Extinction coefficient: 433. 

5 

FXAMPLE 23 - AQUEOU S SOLUBILITY OF N-METHYL-D-GLUCAMINE SALT OF TRISOC 

To determine maximum aqueous solubility 25mg of the dried salt were shaken In water at 37°C r . 
the sample filtered and the UV spectrum measured, The salt was observed to fully dissolve. The 
10 salt was comparatively soluble and so was redissolved at 50mg/ml In the same manner 
previously described. 

Solubility when dissolved at 25mg/ml: 35mM (25 mg/ml). 
Solubility when dissolved at 50mg/ml: 70mM (50 mg/ml). 
15 * } • 

EXAMPLE 24 - ALTERNATIVE PREPARATION OF ARGININE SALT OF TRI50C 

The argim'ne salt is formed simply by adding a slight molar excess of L-arginine to a solution of 
0.2-O.3mmol of TRISOc in 10ml of etfiyl acetate. The solvent is evaporated after one hour r and 
20 the residue is triturated twice with hexane to remove excess arginine. 

EXAMPLE 25 - SOLUBILITY OF TRISOC 

The UV/visible spectra of TRISOc and its solubility were obtained as described above in relation 
25 to the salts. The solubility of TRISOc when dissolved at 50mg/ml was 8mM (4mg/ml). , 

EXAMPLE 26 - SEPARATION OF DIASTEREOMERS 

The R-Mpg and S-Mpg isomers of TRISOb and TRISOc are separated chromatographically as 
30 summarised below- 

A solution Of 5gm/ml of TRISOb in acetonitrile is prepared and 10 pL is Injected to a 
Lichrosphere™ cyano column and eluted with a gradient of n-hexane and tetrahydnofuran with 
monitoring at 206nM, Analysis of the UV chromatogram indicates TRISOb isomer I (TV 
35 configuration at a-aminoboronate centre) elutes at (retention time) Rt 11.1 minutes; TRISOb 
Isomer II ('5' configuration at cc-arninoboronate centre) elubes at Rt 13.7minutes, 
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Following the same procedure, TRISOc isomer I OR' configuration at a-aminoboronatie centre) 
elutes at (retention time) Rt 21.2 minutes; TRKOb isomer II ('S' configuration at a- 
aminobononate centre) elutes at Rt: 22.2 minutes. 

5 Conditions; 

Column: Lkxosphere Cyano Merck.4.6 x 250mm, 5ji. 
Solvent A : n-Hexane 
Solvent B THF 

Gradient 0-100% B over 25 minutes 

10 

Monitor UV at 206nm 
Sampla concentration 5rng/ml- 

The results are shown In the chromatogram of Fig 8, 

15 

The above microanalytical data show C and N amounts below calculated, suggesting the samples 
might have contained gnremoved water. 

Advantageously, at least preferred products of the Invention have adequate absorption and 
20 bioavailability. For commercial utility, a product having less good solubility may be selected by 
virtue of a superior overall combination of properties, 



i 
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CLAIMS 



- 1. 



A salt of a peptide boronic acid of formula (I); 



X-aa-'-aa^NH-CH-l 

.1 




(I) 



5 



where: 

X is H (to form NH^) or an amino-protectfng group; 

1 0 aa 1 is Phe, Dpa or a wholly or partially hydrogenated analogue thereof; 
aa 2 is an imino acid having from 4 to 6 ring members; 

R 1 is a group of the formula -<CH2) m -W, where m Is 2, 3 or 4 and W is -OH, -OMe, -OR or 
15 halogen (F, CI, Br or I). 

2. A salt of claim 1 wherein aa* is selected from Dpa, Phe, Dcha and Cha, 

3. A salt of claim 1 or claim 2 wherein aa 1 is of R-oonfiguration. 



4. A salt of claim 3 wherein aa 1 is (R)-Phe (that Is, D-Phe) or (R)-Dpa (that is r D-Dpa). 

5. A salt of claim 3 wherein aa 1 is (R)-Phe. 



20 



25 



6. 



A salt of any of claims 1 to 5 wherein aa 2 is a residue of an imino acid of formula (III) 




H 
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where R 11 is -CH2-, CH 2 -CH 2 -, -S-CH2-/ -5-C(CH3)2- or -CH2-CH 2 -CH 2 -, which group, when 
the ring Is 5- or 6- membered, is optionally substituted at one or more -CH2- groups by from 1 to 
3 C1-C3 alkyl groups. 

5 7, A salt of claim 6 wherein aa 2 is of S-eonfiguration. 

S. A salt of claim 6 wherein aa 2 is a natural proline residue. 

9. A salt of claim 1, wherein aa^aa 2 Is (R)-Phe-(S)-Pro (that is, D-Phe-L-Pro). 

10, A salt of any of claims 1 to 9 wherein R 1 is 2-bromoethy], 2-ch(oroethyl, 2-methoxyettiyl, 
3-bromopropy1 7 3-chloropropyl or 3-methoxypropyL 

11, A salt of any of claims 1 to 9 wherein R* is 3-methoxypropyl. 

15 

12, A salt of any of claims 1 to 11 wherein X is benzyloxycarbonyl. 

13. A salt of claim 1 which is a salt of a compound of formula (VIE): 
20 X-(R)-Phe-(S)-Pro-(R)-Mpg-B{OH)2 CVHI). 

14. A salt of any of claims 1 to 13 which is a salt of the peptide boronic add with an alkali 
metal!, an alkaline earth metal, a Group HI metal or a strongly basic organic nitrogen-containing 
compound. 



15. A salt of claim 14 wherein the strongly basic organic nitrogen-containing compound is a 
guanidine, a guanidine analogue or an amine. 

16. A salt of any of claims 1 to 13 which is a salt of the peptide boronic acid with an alkali 
30 metal, an aminosugar, a guanidine or an amine of formula (VI) : 



25 




where n is from 1 to 6, R 2 Is H, carboxylate or denVatised carboxylate, R 3 is H, CrQ alky! or a 
residue of a natural or unnatural amino add. 



c 
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17. A salt of claim 16 which is a salt of the peptide boronic acid with an alkali meftal or an 
amino sugar. 

5 18. A salt of claim 17 wherein the alkali metal is sodium or lithium. 

19. A salt of claim 17 or claim 18 wherein the amino sugar is a glucamine. 

20. A salt of daim 19 wherein the glucamine is N-methyl-D-glucamine. 

10 

21. A salt of any preceding claim which is an acid salt (that is, wherein one B-OH group 
remains protonated). 

22. A salt of any of claims 1 to 20 wherein the salt consists essentially of an acid salt (that 
15 is, wherein one B-OH group remains protonated). 

23. A salt of any of claims 1 to 22 wherein the salt comprises a boronate ion derived from 
the peptide boronic acid and a oounterion and wherein the salt consists essentially of a salt 
having a single type of counterion. 



20 



24, A salt of any of claims 1 to 13 which is a salt of the peptide boronic acid with a 
guanidine or with an amine of formula (VI); 

JMHR3 

H 2 N— (CH 2 ) n — ^ m 
R 2 



where n is from 1 to 6 f R 2 is H, carboxylate or derivatised carboxylate, R 3 is H, Q-C* alkyl or a 
25 residue of a natural or unnatural amino acid. 

25. A salt of daim 24 which is a guanidine salt of the peptide boronic acid, 

26. A salt of claim 25 which is a salt of the peptide boronic add with L-arginine or an L- 
30 arginine analogue. 

27. A salt Of claim 26 wherein the L-arginine analogue is D-arginfne, or the D- or L- isomers 
of homoarginine, agmatine [(4-aminobutyl) guanidine], NG-nitrO-L-arginine methyl ester, or a 2- 
amino pyrimtdines. 

35 
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28. A salt of claim 25 which is a salt of the peptide boronic acid with a guanidine of formula 
(in) 

NHR 3 



J Y NH ~" < CH 2>n— 



(III) 

NH R 2 
where n is from 1 to 6, R* is H P carboxylate or derivatised carboxylate, R 3 is H, Q-C4 alkyl or a 

"residue of a natural or unnatural amino add. 

5 

29. A salt of claim 28, wherein n is 2, 3 or 4. 



10 



IS 



20 



30. A salt of claim 28 or daim 29 where the derlvatised carboxylate forms a Q-C, alkyl ester 
or amide. 

31. A salt of ariy of claims 28 to 30 wherein the compound of formula (HQ is of L- 
configuration, 

32. A salt of claim 25 which is an L-arginine salt of the peptide boronic acid. 

33. A salt of daim 24 which is a salt of the peptide boronic acid with an amine of formula 
(VI)- 

34. A salt of claim 33, wherein n is 2, 3 or 4. 

35. A salt of claim 33 or claim 34 where the derivatised carboxylate forms a Q-C4 alkyl ester 
or amide. 

36. A salt of any of claims 33 tx> 35 wherein the compound of formula (111) is of L- 
25 configuration. 

37. A salt of claim 33 which is an L-lysine salt of the peptide boronic add. 

38. A salt of any of claims 24 to 37 which is an add salt (that is, wherein one B-OH group 
30 remains protonated). 

39. a salt of any of claims 24 to 38 wherein the salt consists essentially of acid salt (that is, 
wherein one B-OH group remains protonated), 
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40. A salt of any of claims 24 to 39 wherein the salt comprises a boronate ion derived from 
the peptide boronic acid and a counterion and wherein the salt consists essentially of a salt 
having a single type of counterion, 

5 41. A salt of any of claims 1 to 13 which is an afkali metal salt of the peptide boronic add. 

42. A salt of claim 41 wherein the alkali metal is potassium. 

43. A salt of claim 42 wherein the alkali metal is sodium or lithium, 

10 

44. A salt of claim 43 wherein the alkali metal is sodium. 

45. A salt of claim 43 wherein the alkali metal is lithium. 

15 46. A salt of any of daims 41 to 45 which is an acid salt (that is, wherein one B-OH group 
remains protonated). 

47. A salt of any of claims 41 to 45 wherein the salt consists essentially of acid salt (that is, 
wherein one B-OH group remains protonated). 

20 

48. A salt of any of claims 41 to 47 wherein the salt comprises a boronate ion derived from 
the peptide boronic acid and a counterion and wherein the salt consists essentially of a salt 
having a single type or counterion* 

25 49. A salt of any of claims i to 13 which is an aminosugar sait of the peptide boronic acid. 

50. A salt of claim 49 wherein the aminosugar is a ringnspened sugar. 

51. A salt of claim 50 wherein the aminosugar is a glucamine. 

30 

52. A salt of claim 49 wherein the aminosugar is a cyclic aminosugar. 

53. a salt of any of claims 49 to. 52 wherein the aminosugar is N-unsubstltuted. 

35 54. a salt of any of claims 49 to 52 wherein the aminosugar is N-substituted by one or. two 
substituents. 

55. A salt of daim 54 wherein the or each substituent is a hydrocarbyl group. 



10046445 09-Sep-02 02:17 j 



9. SEP. 2002 14:1 5 HARRISON GODDARO FOO NO. 418 P. 61 

P41070GB1.2 - 50c Salts/Generic Salts 1 

57 

56. A salt of claim 54 wherein the or each substifcuent Is selected from the group consisting 
af alky! and aryl moieties. 

57. A salt of claim 56 wherein the or each substituent is selected from the group consisting 
5 of Q, C 2 , Q r C4, C 5 , C*, C 7 and Q aikyl groups 

58. A salt of any of claims 54 to 57 wherein there is a single N-substituent. 

59. A salt of claim 49 wherein the glucamine js N-methyl-D-giucamine. 

10 

60. A salt of any of daims 49 to 59 which is an acid salt fthat is, wherein one B-OH group 
remains protonated). 

61. A salt of any of claims 49 to 59 wherein the salt consists essentially of acid salt (that is, 
15 wherein one B-OH group remains pnotonated). 

62. A salt of any of claims 49 to 61 wherein the salt comprises a boronate ion derived from 
the peptide boronic acid and a counterion and wherein the salt consists essentially of a salt 
having a single type of counterion. 

20 

63. A product obtainable by (having the characteristics of a: product obtained by) reaction of 
a peptide boronic acid as defined in any of claims l to 13 and a base capable of forming a salt 
therewith. f 

25 64. A product obtainable by (having.the characteristics of a product obtained by) reaction of 
a peptide boronic acid as defined in any of claims 1 to 13 and a base selected frK>m the group 
consisting of a hydroxide of a metal as reo'ted in any of claims 14 or 16 to 18 or with an organic 
nitrogen-containing compound whose pKb is 7 or more. 

30 65, A product obtainable by (having the characteristics of a product obtained by) reaction of 
a peptide boronic add as defined by any of claims 1 to 13 and a base selected from the group 
consisting of a organic nitrogen-containing compounds as recited in any of claims 24 to 37 or 49 
to 59. 

35 66. A product of any of claims 63 to 65 wherein the reaction comprises combining a solution 
of the peptide boronic acid In a water^miscible organic solvent with an aqueous solution of tine 
base, allowing the acid and the base to react at ambient temperature (e.g. at a temperature of 
from 15 to 25°0/ evacuating the reaction mixture to dryness/ redissoiYing the salt in water, 
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filtering the resulting solution and drying it and, if .required, removing at least a portion of the 
residual water by further redissoluKon in ethyl acetate followed by evaporating to dryness, 

67. A product of claim 66 wherein the acid and the base are allowed to react for at least one 
5 hour. 

68. A product of claim 66 or claim 67 wherein the water-miscible organic solvent is 
acetonitrile or an alcohol, e.g. ethanol, methanol, a propanol, especially iso-propanol, or another 
alkanoV or a mixture of alcohols, 

10 

69. A method for drying a peptide boronic acid salt comprising dissolving it in ethyl acetate 
and then evaporating the resultant solution to dryness. 

70. A pharmaceutical formulation in oral dosage form comprising a salt of any of claims l to 
15 62 or a product of any of claims 63 to 68 and a pharmaceutical^ acceptable diluent, exciprent or 

carrier. 

71. A pharmaceutical formulation of - claim 70 which is adapted to release the salt in the 
duodenum. 

20 

72. A pharmaceutical composition of claim 71 which is enterically coated. 

73. A method of inhibiting thrombin in the treatment of disease comprising orally 
administering to a mammal a therapeutically effective amount of an active agent selected from 

25 the group consisting of salts of any of claims 1 to 62 and products of any of claims 63 to 68. 

74. A method of claim 73 wherein the active agent is in a formulation adapted to release the 
active agent in the duodenum. 

30 75. The use of a salt of any of claims 1 to 62 or a product of any of claims 63 to 68 for the 
manufacture of an oral medicament for treating thrombosis. 

76. The use of a peptide boronic acid of formula (I) as defined in . any of claims 1 to 13 as an 
intermediate to make a salt of any of claims l to 62 or a product of any of claims 63 to 68. 

35 

77. A method of preparing a salt of any of claims 1 to 62 or a product of any of claims 63 to 
6fi, comprising contacting a peptide boronic add of formula (I) as defined in claim 1 with a base 
capable of making such a salt. 
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78. A peptide boronic acid of formula (I) as defined in any of daims 1 to 13 when of GLP or 
GMP quality, or when in compliance with GLP (good laboratory practice) or GMP (good 
manufacturing practice). 

- 5 79. A composition of matter which is sterile or acceptable for pharmaceutical use, or both, 
and comprises a peptide boronic acid of formula (I) as defined in any of claims 1 to 13. 

80. A composition of matter of cfaim 79 which is in particulate form- 

10 81. A composition of claim 79 which is in the form of a liquid solution or dispersion. : 

82- An isolated compound which is a peptide boronic acid of formula (II): 

X-(R)-Phe-(S>Pro-(R)-Mpg-B(OH)2 (II) 

15 

wherein X is H (to form NH2) or an amino-protecdng group. 

83. A compound of claim 82 wherein X Is benzyloxycarbonyl. 1 

20 84. A particulate composition comprising a peptide boronic acid of formula (II) as defined in 
claim 82 or claim 83. 

85, A composition of daim 84 consisting predominantly of the peptide boronic acid. 

25 86, A composition of daim 85 wherein the peptide boronic acid forms at least 75% by 
weight of the composition, 

87. A composition of claim 86 wherein the peptide boronic acid forms at least 85% by 
weight of the composition. 

30 

88. A composition of claim 87 wherein the peptide boronic acid forms at least 95% by 
weight of the composition. 

89. A composition of any of claims 84 to 88 which is sterile. 

35 

90. A composition of any of daims 84 to 89 wherein the peptide boronic add Is In finely 
divided form. 



(0046443 09- Sep- 02 02:17 j| 



9. SEP. 2002 14: 15 HARRISON GODOARD FOO NO. 4 ! 8 P. 64 

P41070GB1.2 - 50c SatetfGenetlc Salts I 



60 

91. A liquid composition consisting of, or consisting essentially of, a peptide bononic acid of 
formula (I) as defined in any of claims 1 to 13 and liquid vehicle in which it is dissolved or 
suspended, 

5 92. A liquid composition of claim 91 wherein the liquid vehicle is en aqueous medium, e.g. 
water. 

93. A liquid composition of claim 91 wherein the liquid vehicle is an alcohol, for example 
methanol, ethanol, isopropanol or another propanol, another alkanol or a mixture of the 

10 aforegoing. 

94. A liquid composition of any of claims 91 to 93 which is sterile. 
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